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PREFACE. 



The following compilatioD originated in the belief that out 
schools are in want of a Treatise on Survei^iDg, adapted to the 
methods practised in this country, and freed from the defects of 
the systems now in use. Notwithslanding the importance of the 
■cieoce, and the large number that make it an object of study, it 
is believed we are not in possession of a treatise on this subject^ 
suited to the wants of the student. The works of Gibson and 
Jess are the only ones at present in general use : the former, 
though much the better of the two, is deficient in many re^>ect& 
It may be sufficient here, merely to advert to its want of exam- 
ples, which renders it entirely unsuitable for a school botdc From 
the latter, the student would in vain expect to become acquaint- 
ed with the principles of the science, or the raltonale of any of 
the rules, necessary in performing the various calculations.* 

In order to understand the principles of surveying, a previous 
knowledge of Geometry is absolutely necessary ; and this know- 
ledge will be beat acquired from a regular treatise on the subject. 
In the demonstrations, therefore, throughout this work, the stu- 
dent is supposed to be acquainted with the elements of that 
science. The references are adapted to Playfair's Geometry, 
but they will in general apply equaUy well to Simson's transla- 
tion of Euclid's Elements. 

As there arc many who wish to obtain a practical knowledge 
of Surveying, whose leisure may be too limited to admit of their 

* Eftcb of lluM vrorlu hu UUI7 gone ihroogh a new edidon, in which coiui- 
ilenbla adJitiona an aUted b> h»e been nude. On eiumnatjoo, boweier, it 
doe* not appear, ihot Lhoae ailditioni ara mch ai to mpplf the defldeacifx. 

The additiaoB mule to Gibeon, coniist prindpallj of some nautical problenu 
ipaM foreign to a treatiee on Sorreying. Ttuwe made (o Jesi, conaiit of a lew 
tstncta rmm Gibson, in ooe of which the PemujlTsiiia method of calculalioo 'm 
intrwlnced. u being quite diSerent from Ihal given by Jen; whereas it is well 
known to ba the method given by that author, and tued, •■ well in the preceding, 
u in the lubMquent part of hii work. 
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going through a course of Geometry, the author has adapted his 
work to thia class, by introducing the necessary geometrical defi- 
nitions and problems, and by giving plain and concise rules, en- 
tirety detached from the demonstrations ; the latter being placed 
in the form of notes at the bottom of the page. Each rule is ex- 
emphfied by one wrought example; and the most of them by 
several unwrought examples, with the answers annexed. 

In the laying out and dividing of land, which forms the most 
difficult part of Burv«;ying, a variety of problems is introduced, 
adapted to the cases most likely to occur in practice. This part 
of the subject, however, presents such a great variety of cases, 
that vre should in vain attempt to give rules that would apply to 
all of them. It cannot therefore be too strongly recommended 
to every one, who has the opportunity, to make himself well ac- 
quainted with Geometry, and also with Algebra, previous to en- 
tering OD the study of Surveying. Furnished with tbcse useful 
auxiliaries, and acquainted with the principles of the science, the 
practitioner will be able to perform, with ease, any thing likely 
to occur in his practicei 

The compiler thinks proper to acknowledge, that in the ar- 
rangement of the work, he availed himself of the advice of his 
learned preceptor and friend, E. Lewis of New-Garden ; and that 
several of the demonstrations were furnished by him. 




' ADVERTBfefclENT TO THE FOURTH EDITION. 



In preparing this edition for the press, several alter- 
ations have been made, which, it is believed, will be 
found to be real improvemeots. A number of new Pro- 
blems has been introduced, and a more methodiqiU 
arrangement of the whole has been adopted. Instead 
of three different rules for calculating the content of .a 
Survey, one general rule, including these, is now given. 
It may be fnrther added, that the rules for solving seve- 
ral of the problems in Division of Land, have been 
considerably simplified. The Mathematical Tables 
have been stereotyped, after carefully revising them and 
comparing them with the most correct European Edi- 
tions. THE AUTHOR. 
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ADVERTISEMENT TO THE FOURTEENTH EDITION 

To meet the wants of the Student of Civil Engi- 
neering, this edition has been enlarged by the additioa 
Mrf" several chapters, in which the Theodolite and Le- 
Trelling Instrument are described, the methods of ad- 
justing and using them are given, and the principles 
and practice of Levelling and Topography are ex- 
plained and illustrated. — The whole has been carefully 
revised and the few typographical errors existing in 
former editions have been corrected. J. G. 
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-|- signifies /)/tis, or additiom 

— tninusj or subtraction. 

X multiplication. ,^ 

-r division. V 

: :: : proportion. 

s: equality. 

^ square root 

QQ difference between two quantities 

wh^i it is not known which is the 

greater. 
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TREATISE ON SURVEYING. 




OF LOGARITHMS 

Logarithms are a series of numbers so contrived, that 
hy them the work of multiplication is performed by ad- 
dition, and that of division by subtraction. 

If a series of numbers in arithmetical progression be 
placed as indices, or ezp(»iants, to a series of numbers 
in geometrical progression, the sum or difference of any 
two of the former, will answer to the product or quotient 
of the two corresponding terms of the latter. Thus, 

0. 1. 2. 3. 4. 5. 6. 7. &c. arith. series, or indices. 
1. 2. 4. 8. 16. 32. 64. 128. &c. geom. series. 

Now 2+3-5. also 7—3-4. 

And 4 X 8- 32. and 128h-8-16. 

Therefore the arithmetical series, or indices, have the 
same properties as logarithms; and these properties 
hold true, whatever may be the ratio of the geometrical 
series. 

There may, therefore, be as many different systems 
of logarithms, as there can be taken different geometri- 
cal series, having unity for the first term. But the most 
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10 OP LOGABITHMB. 

convenient system is that in which the ratio of the geome- 
trcal Beries is 10; and this is the one in common use. 
Thus, 

0. ] . 2. 3. 4. 5. &c. indices or logar. 

1. 10. 100. 1000. lOOOO. 100000. &c. natural numbers 

Iq this system the log. of 1. is 0,* the log. of 10 is 1. 
^Hb log. of 100, is 2, &c. Hence it is plain that tlie log. 
of any number between 1 and 10, will be expressed by a 
decimal, thelog.of any number between 10, and 100, by I 
and a decimal, the log. of any number between 100 and 
1000, by 2 and a decimal, &c. 

The numbers, 0, 1, 2, 3, &c. that stand before the deci- 
mal part of logarithms, are called (tmKccs and are always 
less by unity, tlian the number of figures in the integral 
part of the corresponding natural number. 

The index of tlie logarithm of a number, consisting in 
whole, or in part of integers, is affirmative ; but if the 
number be a decimal, the index is negative, and is mark- 
ed by a negative sign ( — ) placed either before or above 
it. If the first significant figure of the decimal be ad- 
jacent to the decimal point, the index is, — 1, or 1 ; if 
there be one cipher between them, the index is — 2, or 
2 ; if there be two ciphers between them, the index is — 3 
or 3, iic. 

The decimal parts of the logarithms of numbers, con- 
sisting of the same figures and in the same order, are the 
same, whether the number be integral, fractional, or 
mixed. This is illustrated as follows : 



' In OTOTT Bjilam the loguitbm of 1 ii 0. 
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n 



Number 18960 
1896 
189.6 
18.96 
1.896 
.1896 
.01896 
.001896 
.0001896 



Logarithm 4.27784 

3.27784 

2.2n84 

1.27784 

0.27784 

—1.27784 

—2.27781 

—3.27784,^ 

— 1.27784 "" 
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The method of finding logarithms in the tables, and 
of multiplying, dividing, &c. by them, is contained in tbe 
following problems. 

PROBLEM I. 

To find the Logarithm of a give7i number. 

If the given number consists of one or two figures only, 
find it in the column marked No. in the first page of the 
table, and against it, in the next column, marked log. is 
tlie logarithm. Thus the log. of 7 will be found 0.8451 0, 
and the log. of 85 will be found 1.92942. 

But if the g^ven number be either wholly or in part 
decimal, the index must be changed accordingly. Ob- 
serving that the index must always be one less than the 
number of figures in the integral part of the given num- 
ber ; also, when the given number is wholly a decimal, 
the index is negative, and must be one more than the 
number of the ciphers between the decimal point and 
first significant figure on the left hand. Tims the log. 
of .7 is— 1.84510, and the log. of .0085 is —3.92942. 

If the given number consists of three figures, find it in 
one of the other pages of the table, in the column marked 
No. and against it, in the next column, is the decimal 
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part of the logarithm. The index muat be placed before 
it agreeably to the above observation. Thus the log. 
of 421 is 2.62428, the log. of 4.21 is 0.62428, and the 
" '. of .0421 is —2.62428. 



If the given number consists oi four figures, find the 
three left hand figures in the column marked No. as be- 
I^V^t ajid the remaining, or right hand figure at the top 
of the table ; in the column under this figure, and against 
the other three, is the decimal part of the logarithm. 
Thus the log. of 5163 is 3.71290, and the log. of .6387 
IB— 1.80530. 

If the given number consist of Jive or six figures, find 
the logarithm of the four left hand figures as before ; 
then take the difierence between this logarithm and the 
next greater in the table. Multiply tliia difierence by 
the remaining figure or figures of the given number, and 
cut off" one, or two figures to the right hand of the pro- 
duct, accordmg as the multipher consists of one, or two 
figures ; then add the remaining figure or figures of the 
product to the logarithm first taken out of the table, and 
the sum will be the logarithm required. Thus, let it be 
required to find the logarithm of 59686 ; then. 
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Logarithm of 5968 is - - 77583 

The next greater log. is - - 77590 

Difference . _ , . 7 

Remaining figure - - . 6 

Product ----- 4^2 

To ----- 77583 

Add i 



Decimal part of the log. 



- 77687 



LOGAUimS. 



13 



The natural number consisting of five integers, the in- 
dex must be 4 ; therefore the log. of 59686 is 4.77587. 

Again, let it be required to find the log. of .0131755 ; 
then, 



Logarithm of 1317 is 
The next greater log. is 

Difi^nce 
Remaining figures - 

Product 



- 11950 
. 11991 

32 
55 

- 17,60 



To 
Add 



11959 
18« 



Decimal part of the log. - - 11977 

As the given number is a decimal, and has one cipher 
between the decimal point and first significant figm«, the 
index must be — 2; therefore the log. of .013175518 
—2.11977. 



1. Required the log. of 4.3 

2. Required the log. of 7966 

3. Required the log. of 3754 

4. Required the log. of 596.87 

5. Required the log. of 785925 

6. Required the log. of 6543900 

7. Required the log. of .0027863 



Am. 0.63347 
Ans. 3.90233. 
Jju. -1.57449 
Ans. 2.77588 
Am. 5.89538 
Am. 6.81583 
Am. -3.44503 
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LOOAIUTHBIS. 

PROBLEM n. 

To find the natural number corresponding to i 
logarithm. 
If Jour figures only be required in the answer, look in 
the table for the decimal part of the given logarithm, 
and if it cannot be found exactly, take the one nearest 
TO it, whether greater or less ; then tlie three figures in _ 
the first column, marked No. wliich are in a fine with 
the logarithm found, together with the figure at the top 
of the table directly above it, will form the number re- 
quired. Observing, that when the index of the given 
logarithm is affirmative, ttie integers in the number 
found, must be one more tlian the number expressed by 
the index ; but when the index of the given logarithm is 
negative, the number found will be wholly a decimal, and 
must have one cypher less, placed between the decimal 
point and first significant figure on the left hand, than 
the number expressed by the index. Thus the natm^ 
number corresponding to the logarithm 3,90233 is 798.6, 
the natural number corresponding to the logarithm 
3.77055 is 5896, and the natural number corresponding 
to the logarithm —3.36361 is .00231. 

If the exact logarithm be found in the table, and the 
figures in the number corresponding do not exceed the 
index by one, annex ciphers to the right hand till they 
do. Thus the natural number corresponding to the lo- 
garithm 6.64068 is 4372000. 

If Jive or six figures be required in the answer, find, 
in the table, the logarithm next less than the given one, 
and take out the four figures answering to it as before. 
Subtract this logarithm from the next greater in the 
table, and also from the given logarithm ; to the latter 
difference, annex one or two ciphers, according as five 
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Or six figures are required, and divide the number thus 
produced, by the former difl^nce; annex the quotient 
to the right hand of the four figures ahready found, and 
it will give the natural number required. <■' 

Thus let it be required to find the nafiml htfmber 
corresponding to the logarithm 2.53899 tnie to Jiv9 
figures ; then, 

Given logarithm - .53999 . ^. 

Next less ... .53895 the natural number 

corresponding is 3459 



ifil vnth one cipher annexed 40 

Next less log. - - .53895 
Next greater - - .53908 



Difference 13 

Divide 40 by 13 and the quotient vnll be 3, which, an- 
nexed to the right hand of 3459, the four figures already 
found, makes 34593 ; therefore as die index is 2, the re- 
quired natural number is 345.93. 

Again let it be required to find the natural number 
corresponding to the logarithm 4.59859, true to six 
figures ; then. 

Given logarithm - - .59859 

Next less - - - - .59857, the natural number an- 

swering'to it is 3968. 

Difif. vnth two ciphers annexed 200 

Next less log. - - - 59857 
Next greater ... 59868 



Difference - - . . 11 

Divide 200 by 11, and the quotient virill be 18, which 
aimexed to the right hand of 3968, the four figures al- 



IG LOGAEITHBIS. 

ready found, makes 396818; therefore as the index is ^ 
the required natural number is 39681.8. 

EXAKPLBS. 

1. Required the natural number answering to the lo 
garithm 1.88030. Ans. 75.91. 

2. Required the natural number answering to the lo- 
garithm 5.37081. Ans. 234861. 

3. Required the natural number answering to the lo- 
I garithm 3.11977. ^«y. 1317.56. 

4. Required the natural number answering to the lo- 
garithm— 2.97435. Am. .094265. 

PROBLEM in. 

To multiply numbers by means (^ logarithms. 
Case 1. — When all the factors are whole or mixed 
numbers. 



Add together the logarithms of the factors, and the 
Bum will be the logarithm of the product. 



1 . Required the product of 84 by 56. 

Logarithm of 84 is 1.92428 

Do. of56 IB 1.74819 

Product 4704 Sum 3.67247 

2. Required the continued product of 17.3, 1.907 and 



Logarithm of 17.3 is 

Do. 1.907 ia 

Do. 34. is 

Product 1121.71 Su 



1.23805 
0.28035 
1.53148 
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3, Find by logarithms tfee product of 76.5 by fi.o 
Aju. 420.75. -' 

4. Find by logarithma the coDtinue4.) ^xkIucI of 
42^5, 1.7364, and 1.76. Ana. 129.424. ' 

Cass 2. — Whea some or all of the factors are decimal 
oiunbers. m 

■A 



Add the decimal parts of the logarithms as before, and 
if there be any to carry from the decimal part, add it to 
the affinnative index or indices, or else subtract it from 
the negative. 

Then add the indices together, when they are all of 
the same kind ; that is, all affirmative or all negative ; but 
when they are of different kinds, take the difference be- 
tween the sums of the affirmative and negative ones, and 
prefix the sign of the greater. 

Note. — When the index is affirmative, it is not neces- 
sary to place any sign before it ; but when it is negative, 
the sign must not be omitted. 

EXAMPLES. 

1. Required the continued product of 349.17, 25.43, 
.93521 and .00576. 

Logarithm of 349.17 is 2.54303 

Do. 25.43 is 1.40535 

Do. .93521 is -1.97090 

Do. .00576 is -3.76042 

Product 47.83 Sum 1.67970 

2» C 
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LOGARITHMS. 

in fhis example there is 2 to carry from the deciroal 
part of the logarithms, which added to 3, the Burn of -i 
the affirmative indices, makes 5 ; from thia taking 4, 
the sum of the negative indices, the remainder is 1, 
which is the index of the sum of the logarithms, and is 
affirmative, because the sum of the afSrmative indices, 
together with the number carried, exceeds the sum oi 
the negative indices 

2. Required the continued product of .0839, .7536, 
and .003179. 



Logarithm of .0839 is 
Do. .7536 is 
Do. .003179 is 



-2.92376 
-1.87714 
-3.50229 



Product .000201 Sum ^.30319 

In this example there ia 2 to carry from the decimal 
part of the logarithms, wluch subtracted from 6, the sum 
of the negative indices, leaves 4, which is the index of 
the sum of the logarithms, and is negative, because the 
sum of the negative indices is the greater. 

3. Required the continued product of 13.19, .3765, 
and .00415. Ans. .02061. 

4. Required the continued product of 343, 1.794, 
541, and .019. Ans. G3.25. 



PROBLEM IV. 

To divide numbers by means o/" Logarithms, 

Cask 1. — MTien the dividend and divisor are both 
whole or mixed aurabers. 
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EULB. 

From the logarithm of the dividend, subtract the lo- 
garithm of the divisor, the remainder will be the loga- 
rithm of the quotient 

Note. — ^When the divisor exceeds the dividend, the 
question must be wrought by the rule given in the next 
case. 

BXAHPLBS. 

1. Required the quotient (rf*3450 divided by 23. 

Logarithm of 3450 is 3.53782 
Do. 23 is 1.36173 



Subtract the decimal parts of the logarithms as before, 
and if 1 be borrowed in the left hand place of the deci- 
mal part, add it to the index of the divisor when that in- 
dex is affirmative, but subtract it when negative. 

_ y 

Then conceive the sign of the indez^^ the divisor 

changed from affirmative to negative, or frotn negative 

to affirmative ; and if, when changed, it be of the same 

name with that of the dividend, add the indices together 
2 
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Quotient 150 Remainder 2.17609 

2. Required the quotient of 420.75 divided by 76.5. 

Ans. 5.5. 

3. Required the quotient of 37.1542 divided by 
1.73958. Ans. 21.3585. 

Case 2. — ^When the dividend or divisor, or both of 
them, are decimal numbers. ^ 

RULE. * ^ 




It « 
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but if it be of a different name, take the difference of the 
indices, and prefix the sign of the greater. 

BXA1CFLB8. 

1. Required the quotient of .7591 divided by 32.147 

Logarithm of .7591 is -1.88030 
Do. 32.147 is 1.50714 



Quotient .02361 Remain. -2.37316 

In this example, the index of the divisor, with its sign 
1^ changed, is — 1, which added to — 1, the index of the 

• dividend, makes — 2j for the index of the quotient 

2. Required the quotient of .63153 divided by .00917. 

Logarithm of .63153 is -1.80039 
Do. .00917 is -3.96237 



Quotient 68.8683 Remain. 1.83802. 

In this example there is 1 to cany firom the decimal 
part of the logarithm, which subtracted from — 3, the 
index of the divisor, leaves — 2; this, with its sign 
changed, is -f 2; from which subtracting 1, (he index of 
die dividend, the remainder is 1, and is affirmative, be- 
cause the affirmative index is the greater. 

:*■ 

S. Required the quotient of 13.921 divided by 7965.13 

Logarithm of 13.921 is 1.14367 
Dq. 7965.13 is 3.90125 



Quotient .001748 Remain. -3J24242 



< 
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In this example there is 1 to carry from the decimal 
part of the logarithm, which added to 3, the index of 
the divisor, makes 4; this, with its sign changed, is, — 4; 
from which subtracting 1, the index of the dividend, the 
remainder is 



4. Required the quotient of 79^5 divided by .05178, 

Ans. 1532.46. 

5. Required the quotient of .5903 divided by .931. 

Ans. .63404. 

PROBLEM V. 

To involve a number to anypou>er, thai isy to find the square^ 
cube, ^c. of a mmber, logarUhmicaUy. 

KULSL 

Multiply the logarithm of the given number by the 
index of the power, viz. by 2 for the square, by 3 for the 
cube, dzc and the product will be the logarithm of the 
power. 

Note. — ^When the index of the logarithm is negative, 
if there be any to carry from the decimal part, instead 
of adding it to the product of the index and piultiplier, 
subtract it, and the remainder will be the index of the 
logarithm of the power^ and will always be negative. 
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1. Required the square of 317. ' •/ 

.Logarithm of 317 is 2JS0itM \^ 



2 






SqAM 100489 5.00313 
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2. Required the 5th power of 1.735. 



.V* -. 



Logarithm of 1.735 is 0J23930 

5 



5th power 15.7218 1.19650 
3. Required the cube of .08761. 

Logarithm of .08761 is -2.94255 

3 



Cube .0006724 --4.82765 

4. Required the cube of 7.503. Ans. 422.37. 

5. Required the 7th power (^ .32513. Ans. .0003841 

PROBLEM VI. 

To extract any root of a number hgartthmicaUy. 

EULB. 

Divide the logarithm of the given number by the index 
of the root, that is, by 2 for the square root, by 3 for die 
cube root, &c. and the ^otient will be die logarithm of 
the required root. 

Note. — ^When the index of the logarithm is negative, 
and does not exaedy contain the divisor, increaBe the 
index Igr a number just sufficient to make it exaedy divi- 
sible b7 it, and carry the units borrowed, as so many 
tens, to the left hand figure of the decimal part ; then 
proofed with the division in the usual manner. 
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1. Required the cube root of 391.27. 

3) 
Logarithm of 391 J27 is 2^9248 



Oibe root 7^14 0.86416 

2. Required the sqoare root of .08593. 

2) 
Logarithm of .08593 is —2.93414 



Square root J29314 —1 46707 

3. Required the cube root of .7596. 

3) 
Logarithm of .7596 is —1.88058 



Cube root .9124 —1.96019 

4. Required the cube root of .0000613. 

3) 
Logarithm of .0000613 is —5.78746 



Cube root .03943 —2.59582 

5. Required the square root of 365. Ans, 19.105. 

6. Required the 5th root of .9563. An$, .991 1. 

7. Required the 4th root of .00079. Jn$. .16765 

()f the Arithmetical Complements of Logarithms. 
required 



from others, it will be more conyenient to convert the 
subtraction into an addition, by writing down, instead 
of the logarithms to be subtracted, what each of them 
wants of 10.00000, which may readily be done, hf^thr 
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ing ddi^^i^tJ^e first figure, on the right hand, wants 
of 10, ana whal^every other figure wants of 9 ; this re- 
"* mainder is called the ArUhmeticai Complement. Thua, if 
the logarithm be 2^3061, its arithmetical complement 
will be 7.4693d. If one or more figures to the right 
hand be ciphers, write ciphers in their place, and take 
the first significant figure firom 10, and the remaining 
figures from 9. Thus, if the logarithm be 4.61300, its 
arithmetical complement will be 5.38700. 

In any operation, where the arithmetical complements 
. . ' of logarithms are added to other logarithms, there must 
^ be as many tens subtracted firom the sum, as there are 
arithmetical complements used. 

As an example, let it be required to divide the product 
of 76.4 and 35.84, by the product of 473.9 and 4.76. 

473.9 - - Ar. Co. 7.32431 

4.76 - - Ar. Co. 9.32239 

35.84 . - log. 1.55437 

76.4 - - log. 1.88309 



Quotient 1J214 0.08416 



Jyf 



i-^ 



■.^ 



^ 



GEOMETR 





DEFINITIONS. 

1. Gbombtrt is that science wherein the properties 
of magnitude are considered. 

2. Ajxnnt is that which has position, but not magni* jl^ f 
tude. W 

§ 

3. A line has length but not breadth. 

4. A straight, or right line, is the shortest line that 
can be drawn between any two points. 

5. A superficies or surface is that which has length and . 
breadth, but not thickness. i 

# 

6. A plane superficies is that in which any two points 

being taken, the straight Ime which joins them Ues wholly 
in that superficies. 

7. A plane rectilineal angle is the inclination of two 
straight ||nes to one another^wwhich meet together, but 
are not in the same straight line, as A, Fig. 1. 



Ni^e. — When several angles are formed about the 
same point, as at B, Fig. 3, each particular angle is ex- 
pressed by three letters, whereof the middle letter shows 
the angular point, and the other two the lines that form 
the angle ; thus, CBD or DBC signifies the angle formed 

by the lines CB and DB. 

D 25 ^ 
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8. TbejfiagnUfide of an an^/!? depends on the inclina- 
tion which file mies diat fonn it have to each other, and 
not on the length of those lines. Thus the angle DBE is 
greater than the angle ABC, Fig. 3. 

9. When a straight line stands on another straight 
line so as to incline to neither side, but makes the angles 
on each side equal, then each of those angles is called 
a right anglcj and the line which stands on the other is 
said to he perpendicular to it. Thus ADC and BDC are 
right angles, and the line CD is perpendicular to AB, 
Fig.4. 

10. An acute angle is that which is less than a right 
angle, as BDE, Fig. 4. 

11. An obtuse angle is that which is greater than a 
right angle, as ADE, Fig. 4. 

12. Parallel straight lines are those which are in the 
same plane, and which, being produced ever so far both 
ways, do not meet, as AB, CD, Fig. 5. 

13. Al figure is a space bounded by one or more lines. 

14. A plane triangle is a figure bounded by three 
straight lines, as ABC, Fig. 6. 

15. An equilateral triangle has its three sides equal to 
each other, as A, Fig. 7. 

16. An isosceles triangle has <Hily two of its sides equal, 
as B, Fig. 8. 

17. A scalene triangle has three unequal sides, as 
ABC, Fig. 6. 

18. A right angled triangle has one right angle, as 
ABC, Fig. 9; in which the side AC, opposite to the right 
angle, is called the hypothenuse. 
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19. An cbhjue angled triangle has onO'if^tufie angle, 
as Q Fig. 10. 

20. An acute angled triangle has all its angles acute, 
asABQFig. 6. 

21. Acute and obtuse angled triangles are called 
oblique angled triangles. 

22. Any plane figure bounded by four right lines, is 
called a quadrilateral. 

23. Any quadrilateral, whose opposite sides are paral- 
lel, is called vl parallelogram^ as D, Fig. 11. * ^ 

24. A parallelogram, whose angles are aU right angles, 
is called a rectangle^ as E, Fig. 12. 

25. A parallelogram whose sides aire all equal, and 
angles right, is called a square^ as F, Fig. 13. 

26. A rhomboides is a paraDelogram, whose oppqpite 
sides are equal, and angles oUique, as D, Fig. 11. 

27. A rhombus is a parallelogram, whose sides are aijj[' 
equal and angles oblique, as 6, Fig. 14. 

28. Any quadrilateral figure that is not a pf^pallek^ 
gram, is called a trapezium. 

29. A trape2dum that has two parallel sides is called 
a trapeziod. 

30. A right line joining any two oj^posite angles of a 
quadrilateral figure, is called a diagonal. 

31. That side upon which any parallelogram, or 
triangle is supposed to stand, is called the base ; and the 
perpendicular falling thereon from the opposite angle is 
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called the attitude of the parallelograiD, or triangle. 
Thus AD is the base of the parallelogram ABEC, olr tri- 
angle ABC, and CD is the altitude. Fig. 15. 

32. All plane figures contained under more than four 
sides, are called polygons; of which those having five 
sides, are called /^en/og^ons; those having six sides, Aexa- 
gons, and so on. 

33. A regular polygon is one whose angles, as well as 
sides, are all equal. 

34. A circle is a plane figure, bounded by one curve 
line called the circurnference or periphery^ every part of 
which is equally distant firom a certain point within the 
circle ; and this point is called the centre^ Fig. 16. 

35. The radius of a circle is a straight line drawn 
firom the centre to the circumference, as CB, Fig. 17. 

36. The diameter of a circle is a straight line drawn 
through the centre, and terminated both ways by the 
circumference, as AE, Fig. 17. It divides the circle into 
Xmo equal parts, called semicircles. 

37. A quadrant is one quarter of a circle, as ACB, 

Pig. it; 

Note. — ^The fourth part of the circumference of a circle 
is also called a quadrant. 

38. A segment of a circle is the figure contained by 
a right line, and the part of die circumference it cuts off: 
thus AEBA and A EDA are segments of the circle ABED, 
Fig, 16. 

39. An arc of a circle is any part of the circumference ; 
as AD or DE, Fig. 17. 
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ft 

40. Ratio is a mutual relation between two quantities 
of the same kind with respect to magnitude 

Note. — ^A ratio is generally expressed, either by two 
numbers or by two right lines. 

41. When two quantities have the same ratio as two 
other quantities, the four quantities taken in order are 
called proportionals ; and the last is said to be a fourth 
proportional to the other three. 

42. When three quantities of the same kind are such 
that the first has to the second the same ratio which the 
second has to the third, the third is called a third pro^ 
portional to the first and second, and the second is called 
a mean proportional between the first and third. 



GEOMETRICAL PROBLEMS. 

■» 

PROBLEM L 

To bisect a right line^ AB, Fig. 18. 

Open the dividers to any distance more than half the 
line AB, and with one foot in A, describe the arc CFD ; 
with tlie same opening, and one foot in B, describe tlie arc 
C6D, meeting the first arc in C and D ; firom C to D draw 
the nght line CD, cutting AB in E, which will be equally 
distant from A and B. 

PROBLEM IL 

At a given point Ay in a right line EF, to erect a petpenr 

dicularj Fig. 19. 

From the point A, lay oflfon each side, the equal dis- 
3* 
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tances AC, AD ; from C and D, as centres, with any ra- 
dius greater than AC or AD, describe two arcs intersect- 
ing each other m B; Grom A to B, draw the line AB, 
which wiU be the perpendicular required. 

PROBLEM HI. 

To raise a perpendicular on the end B of a right line 

AB, Fig, 20. 

Take any point D not in the line AB, and with the 
distance from D to B, describe a circle cutting AB in E ; 
from £ through D draw the right line EDC, cutting the 
periphery in C, and join CB, which will be perpendicu- 
lar to AB. 

PROBLEM IV. 

To let fall a perpendicular upon a given line BC, from a 

given point A, without it^ Fig. 2L 

In the line BC take any point D, and with it as a centre 
and distant DA describe an arc AGE, cutting BC in G ; 
with G as centre, and distance GA, describe an arc cut- 
ting AGE in E, and from A to E draw the line AFE ; 
then*AF will be perpendicular to AB. 

PROBLEM V. 

Through a given point A to draw a right line AB, parallel 

to a given right line CD, Fig. 22. 

From the point A to any point F, in the line CD, draw 
the right line AF ; with F as a centre and distance FA, 
describe the arc AE, and with the same distance and 
centre A describe the arc FG ; make FB equal to AE, 
and through A and B draw the line AB, and it will be 
parallel to CD. 
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PROBLEM VL 

At a given paint B, in a given right line LGj to make an 
angle equal to a given angle A, Fig. 23. 

With the centre A and any distance AE, describe the 
arc DEIy and with the same distance and centre B de- 
scribe the arc FG; make H6 equal to DE, and through 
B and H draw the Une BH; then wiU the angle HBG be 
equal to the angle A* 

PROBLEM Vn. 

To bisect any right lined angle BAG, Fig. 24. 

In the lines AB and AC, from the point A, set off equal 
distances, AD and AE ; with the centres D and E and any 
distance more than half DEI, describe two arcs cuttmg 
each other in F ; from A through F draw the line AG, and 
it will bisect the angle BAG. 

PROBLEM Vra. 

To describe a triangle that shall have its sides respecHvefy 
equal to three right linesy D, E, and F, of which any two 
must be together greater than the thirds Fig. 25. 



•« 



Make AB equal to D ; with the centre A and distance 
equal to E, describe an arc, and with the centre B and 
distance equal to F describe another arc, cutting the 
former in G ; draw AG and BG, and ABG is the triangle 
required. 

PROBLEM IX. 

Upon a given line AB to describe a square^ Fig. 26« 

At the end B of the line AB, by Problem HI. erect the 
perpendicular BG, and make it equal to AB ; with A and C 
as centres, and distance AB or BG describe two arcs cot- 
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ting each other m D; draw AD^ and CD, then will ABCD 
be the square required. 

PROBLEM X. 

To describe a circle thai shall pass through the angular 
point Sy A, B, and C^ofa triangle ABC, Fig. 27. 

By Problem I. bisect any two of the sides, as AC, BC, 
by the perpendiculars DE and FGj the pointH where they 
intersect each other will be the centre of <he circle ; with 
this centre, and the distance from it to either of the 
points A, B, or C, describe the circle. 

PROBLEM XI. 

To divide a given right line AB into any number of equal 

partSj Fig. 28. 

Draw the indefinite right line AP, making an angle 
with AB, also draw BQ, parallel to AP, in each of which, 
take as many equal parts AM, MN, &c. JBo, on^ &c. as 
the line AB is to be divided into j then draw Mm^ Nn^ &c. 
intersecting AB in E, F, &c. which will divide the line 
as required. 

PROBLEM Xn. 

To make a plane diagonal scale^ Fig. 29. 

Draw eleven lines parallel to, and equidistant from 
each other ; cut them at right angles by the equidistant 
hnesBCj EF; 1, 9; 2, 7; &c. then willBC, &c. be divided 
into ten equal parts ; divide the lines EB, and FC, each 
into ten equal parts ; and from the points of division on 
the line EB, draw diagonals to the points of division on 
the line FC : thus join E and the first division on FC, the 
first division on EJB, and the second on FC, &c. 

Note. — ^Diagonal scales serve to take off dimensions 
or numbers of three figures. If the first large divisions 
be imits, the second set of divisions, akmg EB, wiH be 
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10th parts ; and the divisions in the altitude, along BC, 
will be 100th parts. If HE be tens, EB, will be units, 
and BC will be tenth parts. If HE be hundreds, BE will 
be tens, and BC units. And so on, each set of divisions 
being tenth parts of the former ones. 

For example, suppose it were required to take off 242 
from the scale. Extend the dividers from E to 2 towards 
H; and with one leg fixed in the point 2, extend the other 
till it reaches 4 in the Hne EB ; move one leg of the di- 
viders along the line 2, 7, and the other along the line 4, 
till they come to the line marked 2, in the line BC, and 
that will give the extent required. 

PROBLEM Xm. 

To find a third proportional to two given right lines^ 

A and B. 

Draw two right lines, CD, CE ^ 

containing any angle ; make CF a 
equal A, and CG,CH, eoxih equal 
B ; join FG and draw HL paral- 
lel to it: then will CL be the third 
proportional required. 

PROBLEM XIV. 

To find a fourth proportional to three given right linesj 

A, B and C« 




A: 

Draw two right lines, DE, DF »• 
containing^any angle ; make DG ^ 
equal A, DH eqi^ B, and DL 
equal C ; join GH and draw LM 
parallel to it: DM will be a 
fourth proportional to A^ B» 
and C 
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PROBLEM XV. 

To find a mean proportional between two given right lines 

A and B. 

Draw any right line CE and in 
it take CD equal A, and DE equal 
B; bisect CE in F, and with the 
centre F and radius FC or FE 
describe the semicircle C6E; 
draw DG {)crpendicular to CE : 
then DG will he a mean propor- 
tional between A and B. 

PROBLEM XVI. 

To divide a given right line AB into two parts that 
shall have the same ratio to each other as two given lines C 
andjy. 

Draw AE making an angle 
with AB ; in AE take AF equalp 
C and FE equal D: join EB and 
draw FG parallel to it ; then AG 
will have to GB the same ratio a 
that C has to D. 

PROBLEM XVn. 

To divide a given right line AB in two parts in the point 
D, so that AD may be to DB in the ratio f^ two given num- 
bers m and n. For example^ let m=3, and n=4. 

Draw AC making any angle with AB ; take C 

the number m from any conyenient scale 
of equal parts, and lay it on AC, from A to E; 
and take the number n from the same scale, 
and lay it from E to C ; join CB and draw ED 
parallel to it ; then AB will be divided as re- 
quired. 





PLANE TRIGONOMETRY. 



DEFINITIONS, 

1. Plane Trigonometry is the -axt by which^ when any 
ibsee parts of a jdane triangle, except the three angles, 
are given, the others €ure detennined. 

2. The periphery of eveiy circle is supposed to be di- 
vided into 360 equal parts, called degrees ; each d^ree 
into 60 equal parts, called minutes ; and each minute into 
60 equal parts, called seconds, &c. 

3. The measure of an angle is the arc of a circle, con- 
tained between the two lines that form the angle, the 
angular point being the centre ; thus the angle ABC, Fig. 
30, is measured by the arc DE, and contains the same 
number of degrees that the arc does. The measure of 
a right angle is therefore 90 degrees; for DH, Fig. 31, 
which measures the right angle DCH, is one fourth part 
of the circumference, or 90 degrees. 

Note. — ^The degrees, minutes, seconds, &c. contained 
in any arc, or angle, are written in this manner, 50^ 18' 
35" ; which signifies that the given arc or angle ccmtains 
50 degrees 18 minutes and 35 seconds. 

4. The comjpkmeni of an arc, or of an angle, is what 
it wants of 90° ; and the supplement of an arc, or of an 
angle,is what it wants of 180^ 

3 35 
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5. The chord of an arc, is a right line drawn from one 
extremity of the arc to the other : thus t^e line BE is the 
choid of the arcBAEorBDEyFig. 31 

6. The sins of an arc, is a right line drawn from <Mie 
extremity of the arc perpendicular to the diameter wMSch 
passes through the other extremity: thus BF is the sine 
of the arc AB or BD, Fig. 31. 

7. The cosine of an arc, is that part of the diflmMer 
which is intercepted between the sine and the centre : 

thus CF is the cosine of the arc AB, and is equal to BI, 
the sine of its complement HB, Fig. 31. 

8. The versed sine of an arc, is that partof the diameter 
which is intercepted between the sine and the arc : thus 
AF is the versed sine of AB; and DF of DB, Fig. 31. 

9. The tangent of an arc, is a right line touching the 
circle in one end of the arc, being perpendicular to the 
diameter which passes through that end, and is termina- 
ted by a right line drawn from the centre through the 
other end : thus AG is tlie tangent of the arc AB, Fig. 31. 

10. The secant of an arc, is the right line drawn from 
. the centre and terminating the tangent ; thus C6 is the 

< secant of AB, Fig. 31. 



complement of that arc ; thusHKis the cotangent of AB, 
Fig. 31. 

12. The cosecant of an arc, is the secant of the com- 
plement of that arc ; thus CK is the cosecant of AB, 
Fig. 31. 
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13. The sine, cosine, &c. of an angle is the same as 
the sine, cosine, &c. of the arc that measures the angle. 

PROBLEM I. 

To anutmet the lines cfcordsy sines, tangents, and secants, 

to any radius. Fig. 32. 

ribe a semicircle with any conyenient radius CB ; 
[e centre C draw CD perpendicular to AB and 
proauce it to F ; draw BE parallel to CF and join AD. 

Divide the arc AD into nine equal parts, as A 10; 10, 
20, dzc. and with one foot of the dividers in A, transfer the 
distances A, 10 ; A, 20, dzc. to the right line AD ; then 
will AD be a line of chords constructed to every ten de- 
grees. 

Divide BD into nine equal parts, and from the points 
of division, 10, 20, 30, &c. draw lines parallel to CB,* 
and meeting CD in 10, 20, 30, dzc. and CD will be a line 
of sines. 

From the centre C, through^ the divisions of the arc 
BD, draw lines meeting BE, in 10, 20, 30, dzc. and BE 
will be a line of tangents. 

With one foot of the dividers in C transfer the dis- ^ 
tances from C to 10, 20, &c. in the line BE to the line 
CF which will then be a line of secants. 

By dividing the arcs AD and BD each into 90 equal 
parts, and proceeding as above, the lines of chords, 
sines, &c. may be constructed to eveiy degree of the 
quadrant 

^ To avoid eoo fl iaop, tfaeie lines ue not diawii In tiie fUgvan, 
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PROBLEM n. 



At a given point A in a given right line AB, to make 
% an angle of any proposed number of degrees mpposie 38 

degrees. Fig. 33. 

With the centre A, and a radius equal to 60 degreefl, 
taken from a scale of chords, describe an arc, cutting 
AB in m ; from the same scale of chords, take 38 d^iees 
and apply it to the arc from m to n, and from A through 
n draw the line AC ; then will the angle A contain 38 
degrees. 

Note. — ^Angles of more than 90 degrees are taken off 
at twice. 

PROBLEM m. 

To measure a given angle A. Fig. 34. 

Describe the arc mn with the chord of 60 degrees, as 
in the last problem. Take the arc mn between the di 
▼iders, and that extent applied to the scale of chords 
will show the degrees in the given angle. 

Note. — ^When the distance mn exceeds 90 degrees, it 
must be takesk off at twice, as before. 
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OF THE TABLE 

OF 

LOGiRn^HMIG OR ARTIFICIAL SINES, TANGENTS, Ac. 



Thib table contains the logarithms of the sine, tan- ^ 
gent, dsc. to every degree and minute of the quadrant, 
the tedius being 10000000000, and ccmsequendy its lo- 
garithm 10. 

Let the radius CB, Fig. 32, be supposed to consist of 
10000000000 equal parts as above, and let the qua- 
drant DB be divided into 5400 equal arcs, each of these 
will therefore contain 1'; and if from the several points 
of division in the quadrant, right lines be drawn perpen- 
dicular to CB, the sine of every minute of the quadrant 
to the radius CB will be exhibited. The lengths of these 
lines being computed and arranged in a table, constitute 
what is usually termed a table of natural sines. The 
logarithms of those numbers taken from a table of loga- 
rithms, and properly arranged, form the table of loga- 
rithmic or artificial sines. Li like manner the logarithmic 
tangents and secants are to be understood. 

The method by which the sines are computed is too 
abstruse to be explained in this work, but a familiar ex- 
position of this subject, as well as of the construction of 
logarithms may be seen in Simpson^s trigonometry. 

To findj by the iable^ the sine^ tangent^ Jfc. of an arc or 

angle. 

If thc^ degrees in the given angle be less than 45, look 
for them at the top of the table, and for the minutes, in 
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the left hand column ; then in the column marked at the 
top of the table, sme, tangent, 6ic. and against the mi- 
• nutes, is the sine, tangent, &c. required. If the degrees 
are more than 45, look for them at the bottom of the 
table, and for the minutes, in the right hand column ; 
then in the column marked at the bottom of the table,, 
sine, tangent, &c. and against the minutes, is the sine, 
jtt tangent, dsc required. 

Note. — ^The sine of an angle and of its supplement 
being the same, if the given number of degrees be above 
90, subtract them from 180% and find the sine of the re* 
mainder. 

BXABIPLES. 

1. Required the sine of 32*^27 Ans. 9.72962. 

2. Required the tangent of 57" 39^ Ans. 10.19832. 

3. What is the secant of 89** 31' Ans. 12.07388. 

4. What is the sme of 15r43' Ans. 9.57885. 

To find the degrees and minvies corresponding to a given 

sine^ tangenty 6ic. 

Find, in the table, the nearest logarithm to the given 
one, and the degrees answering to it will be found at 
the top of the table, if the name be there, and the mi- 
nutes on the lefl hand ; but if the name be at the bottom 
of the table, the degrees must be found at the bottom, 
and the minutes at the riorht hand. 

o 
EXAMPLES. 

1. Required the degrees and minutes in the angle 
whose sine is 9.64390. Ans. 2&' 8. 
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i. Required the degrees and minutes in the angle 
whose tangent is 10.47464. Ans. 7V 2S. 






ON GUNTER« SCALE. 

Guntbr's scale is an instrument by which, with a pair 
of dividers, the different cases in trigonometry, and many 
other problems, may be approximately solvedr 

It has on one side, a diagonal scale, and also the lines 
of chords, sines^ tangents, and secants,- with seyerul 
others. 

On the other side thei^. are several logarithmic Unes 
as follow : 

The line oTimmhers marked Num.y is numbered froQi. 
the left hand of the scale towards the right, with 1, Si^J;^ 
4, 5, 6, 7, 8, 9, 1, which stands in the middle of th^ 
scale ; the luimbers then go on 2, 3,' 4, 5, 6, 7, 8, 9, 10, 
which stands at ^e right hand end of the scale. These 
two equal parts bf the scale are similarly divided, the 
distances between the first 1, and the numbers 2, 3, 4, 
&c. being equal to the distances between the middle 1, 
and the numbers 2, 3, 4, &c. which follow it. The suh- 
divisions of the two parts of this line are likewise simi- 
lar, each primary division being divided into ten parts, 
distinguished by lines of about half the length of the pri- 
mary divisions. 

Tlie primary divisions on the second part of the scale, 

are estimated according to the value set upon the unit on 

the left hand of the scale. If the first 1 be considered 

as a unit, then the first 1, 2, 3, dzc. stand for 1, 2, 3, &r 

the middle 1 is 10, and the 2, 3, 4, dzc. following stand 
4* F 
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for 20, 30, 40, &c. and the ten at the right hand for 100. 
If the first 1 stand for 10, the first 2, 3, 4, »!^. must be 
counted 20, 30, 40, &c. the middle 1 will be 100, the 
second 2,3, 4, (kc.ivill stand for 200, 300, 400, &c. and 
the 10 at the right hand for 1000. 

If the first 1 be considered as tV of a unit, the 2, 3, 4, 
&ic following will be -^o, ts, A, &C. and the middle 1, 
and the 2, 3, 4, Aic. following, will stand for 1, 2, 3, 4, tSic. 

The intermediate small divisions must be estimated 
according to the value set upon the primary divisions. 

Sines. — The line of sines, marked Sin., is numbered 
from the left hand of the scale towards the right, 1, 2, 3, 
4, &c. to 10, then 20, 30, 40, &c. to 90, where it termi- 
nates just opposite 10 on the line of numbers. 

Tangents. — The line of tangents, marked Tan., begins 
at the left hand, and is numbered 1, 2, 3, &i,c. to 10, tlien 
20, 30, 40, 45, where tliere is a brass pin, just under 90 
in the line of sines ; because the sine of 90" is equal to 
the tangent of 45°. From 45 it is numbered towards the 
left hand 50, 60, 70, 80, &c. The tangent arcs of above 
45° are therefore counted backward on the line, and are 
found at the same points of the line as the tangents of 
their complements. 

There are several other lines on this side of the scale, 
as Sine Rhumbs, Tangent R/tumbs, Versed Stnes, &c. ; 
but those described are sufficient for solving all the pro- 
blems in plane trigonometry. 

Remarks on Angles, Triangles, Sfc. 



. If from a point D in a right line AB, one or more 
right fines be drawn on the same side of it, the angles 
thus formed at the point D will be together equal to two 
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right angles, or ISO""; thus ADE-fEDB=two right 
angles, or 180'': also ADC-i-CD£+£DB=two ri^ 
angles, or 180^ Fig. 35. 



2. Since the angles thus formed at the pomt D, on the 
other side of AB, would also be equal to two right angles, 
the sum of aU the angles formed about a point is equal 
to four right angles or 360®. 

3. If two right lines cut one another, the opposite 
angles will be equal : thus AEC==BED, and AED=CEB. 
Fig. 36. 

4. The sum of the three angles of a plane triangle is 
equal to twt> right angles, or 180^ 

5. If the sum of two angles of a triangle b^Mibtract^ 
fipom 180% the remainder will be the third j|||b|^. r^r^ 

6. If one angle of a triangle be subtracted from 180% 
the remainder will be the sum of the other two angles. 

7. In right-angled triangles, if one of the acute angles 

be subtracted from 90% the remainder will be the other 
acute angle. 

8. The angles at the base of an isosceles triangle are 
equal to one another. 

9. If one side of a triangle be produced, the external 
angle will be equal to the sum of the two internal and 
opposite angles : thus the external angle CBD, of the 
triangle ABC, is equal to the sum of the internal and op- 
posite angles A and C. Fig. 37. 



* 
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10. The angle at the centre of a circle is double of 
the angle at the circumference, upon the same base, that 
is upon the same part of the circumference : thus the 
angle BEC is double of the angle BAG. Fig. 38. 

11. The angles in the same segment of a circle are 
equal to one another : thus the angle BAD is equal to 
the angle BED; also the angle BCD is equal to the angle 
BFD. Fig. 39. 

12. The angle in a semicircle is a right angle : thus 
the angle ECF, Fig. 45, is a right angle. 

13. This mark ' placed on the sides or in the angles 
of a triangle, indicates that they are given ; and this 
mark ^ placed in the same way, indicates that they are 
reauired. 

.PKACriCA£ RULES FOR SOLVING ALL THE CASES 

OF PLANE TRIGONOMETRY. 

CASE 1. 

The angles and one side of any plane triangle being givetij 

to find the other sides. 

RULE. 

As the sine of the angle opposite the given side, 
Is to the sine of the angle opposite the required side, 
So is the given side. 
To the required side.* 



* DswoxsTBATioir. Let ABC, Fig. 40, be any pUne triangle ; take BFrs AC 
and upon AB let fall the perpendicolars CD and FE, which will be the ainas of 
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Note 1. — ^The proportions in trigonometry are worked 
by logarithms : thus, from the sum of the logarithms of 
the second and third terms, subtract the logarithm of 
the first term, and the remainder will be the logarithm 
of the fourth term. 

2. The logarithmic sine of a right angle or 90® is 
10.00000, being the same as the logarithm of the ra- 
dius. 



BXAMPLB8. 



1. In the triangle ABC, there are given the angle A= 
32'' 15', the angle B=114'' 24', and consequently the 
angle C=33'' 21' and the sides AB=98 ;* required the 
sides AC ^pi^^BC. 

By Construction^ Fig. 41. 

Make AB equal to 98 by a scale of equal parts, and 
draw AC, making the angle A=32® 15'; also make the 
angle B= 1 14** 24' and produce BC, AC, till they meet in 
C, then is ABC the triangle required ; and AC measured 
by the same scale of equal parts, is 162, and BC is 95. 



the angles A and B to the equal radii AC and BF. Now the trianglea BDC and 
BEF being aimilar,wehayeCD: F£: : BC: BF: or AC ; that ia sin. A : ain. B : 
•BC:AC. Intikemanneritiaproved, thatain. A:8in.G::BC: AB. When 
one of the angles ia obtuse, the demonstration is the aame. Hence it appears, that 
io any plane triangle, the ddea are to one another aa the sines of thMr oppoflte 
angles. 

* This 98 may express so many feet, or yards, dcc^ and the other aides will ht 
of the same denomination aa the gtren. 
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By Cakulatum. 
As sine ofthe angle 33*^21' - - 9.74017 

Istosineoft)ieangieBll4''24' - -9.95937 
Soi8AB98 r. - 1-99123 

11.95060 
9.74017 

To AC 162.3 2.21043 

As sine of C 33° 21' - - - - - 9.74017 

Is to sine of A 32» 15' 9.72723 

So is AB 98 1.99123 



«■ 



11.71846 
9.74017 

To BC 95.12 1.97829 

By Gunter^s Soak. 

Extend the compasses, on the line of sines, from 
33** 21' to 65** 36' the supplement of the angle B ; that 
extent will reach, on the line of numbers, from 98 to 162, 
the side AC. 

Extend the compasses from 33' 21' to 32® 15' on the 
line of sines ; that extent will rea(.h, on the line of num- 
bers, from 98 to 95, the side BC. 

2. In the right-angled triangle ABC, are given the 
hypothenuse AC=480, and the angle A=53° 8'. To 
find the base AB and perpendicular BC. 
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From 90^ subtract the angle A=53^ &; the remain- 
der 36'' 52^ will be the angle C. The angle B, bemg a 
right angle, is 9(f. 

By CanOructianj Fig. 42. 

i- • 

This may be constructed as in the preceding exam- 
f^ or otherwise thus. 

Draw the line AB of any length, and draw AC making 
the angle A=53'' &; make AC=480 by a scale of equal tf|f . 
parts, and from C draw CB perpendicular to AB, then 
ABC is the triangle required. AB measured by the same 
scale of equal parts, will be 288, and BC will be 384. 

By Calculation. 
As8ineofB9(f 10.00000 

Is to sine of ASSES' .... 9.9Q311 
So is AC 480 2.68124 

12.58435 

ToBC384 2.58435 

■ 

As sine of 6 90° 10.00000 

Is to sine of C 36' 52* .... 9.77812 
So is AC 480 . ... 3.68124 

12.45936 

ToAB288 2.49936 
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By Gunter^s Scale. 

Extend the compasses, on the Ime of smes, from 90° 
to 53^ 8', that extent will reach, on the line of nmnbers, 
from 480 to 384 tlyj^perpendicular BC. 

Extend the compasses, on the Une of smes, from 90^ 
to 36^ 52', the complement of the angle A ; that extent 
will reach, on the line of numbers, fix>m 480 to 288, the 
f^^. base AB. 

3. In the triangle ABC, are given the angle A=79^ 
23*, the angle B=54^ 22', and the side BC=125; re- 
quired AC and AB. Ans. AC=: 103.4, and AB=91.87. 

4. In a right-angled triangle, there are given the 
^ angle AzTrSO*" 48*, and the base AB=53.66, to find the 

perpendicular BC and hypothenuse AC. Ans. BC=82 
and AC=98. 

5. In the right-angled triangle ABC, are given the 
angle A=39^ lO', and the perpendicular BC=407.37, to 
find the base AB and hypothenuse AC. Ans. AB = 500.1, 
and ACi=:645. 

« OASB 2. 

Jkoo sides and an angle opposite one qf them being gtven^ 

to find the other angles and side. 

RULE. 

As the side opposite the given angle. 

Is to the other given side. 

So is the sin^ of the angle opposite the former, 

To the sine of the angle opposite the latter.* 

* This is erident from the demonstration of the rale in die preceding esse 
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Add the angle thus found to the given angle, and sub- 
tract their sum from 180% the remainder wiU be the 
third angle. 

After finding the angles, the other side may be found 
by Case 1. 

Note. — ^The angle found by this rule is sometimes am 
biguous ; for the operation only gives the sine of the 
angle, not the angle itself; and the sine of every angle 
is also the sine of its supplement. 49"^ 

When the side opposite the given angle is equal to, 
or greater than the other given side, then the angle op- 
posite that other given side is always acute ; but when 
this is not the case, that angle may be either acute or 
obtuse, and is consequently ambiguous 



BXAlfPLBS. 



1. In the triangle ABC, are given the angle C=33® 
21', the side AB=.98 and the side BC=.7912 ; required 
the angles A and B, and the side BC. 

• 

By Construction^ Fig. 43. 

Make BC=.7912 by a scale of equal parts, and draw 
CA, making the angle C=33*' 21'; with the side AB= 
•98, in the compasses, taken from the same scale of 
equal parts, and B as a centre, describe the arc a&, cut- 
ting AC in the point A, and join BA; then is ABC the 
triangle required: the side AC, measured by the scale'of 
equal parts will be 1.54, and the angles A and B, mea- 
sured by a scale of chords wiU be 26^ 21' and 120^ 18'. .• 

Here the arc <A cuts AC in one point did^, because AIB 

is greater than BC ; therefore the angle A is acute, and 

not ambiguous. 

G 



^v 
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By Calcukiion. 
A8AB,.98 —1.99123 



Is to BC, .7912 -•--.- —1.89829 
So is sine of C, 33° 21' - - - 9.74017 



9.63846 



To sine ofA, 26° 21' - - 9.64723 

To the angle C=33° 21' add the angle A=r26° 21' and 
the sum is 59° 42* which subtracted from 180° leaves 
the angle B= 120° 18* 

As she ofC, 33° 21' - - - - 9.74017 



Is to sine of B, 120° 18*. 9.93621 

So is AB, .98 .... -.1.99123 



9.92744 



To AC, 1.539 .... 0.18727 

By Gu^er's Scak. 

Extend the compasses from .98 to .79 on the line of 
nombers, that extent wiU reach frfxn 33° 21' to 26° 21', 
the angle A, on the line of sines. 

Xdd the angle A=:26° 21' to the angle C=33° 21', 
and the sum will be 59° 42*; then extend the compasses 
fitam 33° 21' to 59° 42', on the line of sines, that ext^it 
will reach from .98 to 1.54, the side AC, on the line of 
number^. 

• 2. In the triangle ABC, aie givoi the angle C=33° 21', 
the side BC=95.12 and the side AB=60, to find the 
angles A and B, and the side ACS. 






* 
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By Construdwt^ Pig. 44i % 

This is constructed in the same manner as the pre- 
ceding example; only AB, being shorter than'BC, the 
arc ab cuts AC in two points on the same side of BC ; 
hence the angle A may be either acute or obtuse. The 
side required has also two values, as AC and AC. 

By Calculation. 



AsAB,60 



1.77815 



Is t& BC,95.12 . 
So is sine C, 33° 21' 



- - - - 1.97827 

- - - -.*^.74017 



11.71844 



Tosu,eofA|Jf,^^^} 9.94029 

The sum of the angles C and A subtracted from 180* 
teaves the angle B:=^86* r if A be aeote, or 2r IT if A 
be obtuse. 

V^ find iba side AC answering to the aoute value of 
the angle A. 

As sine of C, 83? 21' - - - 9.74017 



Is to sine of B^ 8^ r 
SoisAB,60 



- . - 9.99895 

- - - 1.77815 



11.77710 



.#'■ 



'*•• 



To AC; liSftd 



2.0869» 



.V- 



r 

To find the side AC^fiMpering to tlie obtaienilueof 

the angle A» ^ 
4 * 



^ 

<* 
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Assine of €,33^31' - - - 9.74017 



Is to sine of B, ST 17 - - - 9.66124 
SoisAB,60 .... 1.77815 



11.43939 



ToAC,50.03 1.69922 

3. In a triangle ABC, the side AB is 274, AC 306, 
and the angle B 78° IS*; reqdMd the angles A and C. 
and the side BC. 

J||. A=40*> 33*, C=6r 14', andBC=203.2. 

4. In 'ft right-angled triangle, there are given the 
hjrpothenuse AC=272, and the base AB=232; to find the 
angles A and C, and the perpendicular BC. 

Ans. A=3r 28^ 0=58* 32* and BC=142. 

5. In a right-angled triangle ABC, the hypothenuBO 
AC is 150, and one side BC 69 ; required the angles and 
other side. 

Ans. C=6y 3T, A=2r 23*, and AB 133J2. 



A.. 

CA8B 



3.^r 



7leM> sides and the included angle being given^ iofind the 

other angles and side. 



EULB. 



••« 



Subtract the given angle from 180% and the remainder 

will be the sum of the two unknown angles. Then, 

As the sum of the two givom 8i< 

Is to their difference ; 
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So is the tangent of half the sum of the two unknown 

angles, 
To the tangent of half their difference.* 
This half difference of the two unknown angles, add- 
ed to their half sum, will give the angle opposite th6 



' * DBXorarnuLTioic Let ABC, i^. 45, be the proposed triangle, ^ving 
the two given sides AB, AC, including tiie given angle A. About A as a 
centre, with AC the greater of the gi?en sides for a radius, describe a circle 
meeting AB produced in E andfltend BC in D ; join DA, £C, and FC, and 
draw FG parallel to BC, meettngM) produced in G. 

The angle EAC (92.1.) is equal to the sum of the unknown angles ABC, 
ACB ; and the angle EFC at the circumference, is cVlFto the half of 
EAC at the centre (2aa ;) therefore EFC is half 9^som of the un* 
known angles; but (32.1.) the angle ABC is equal to the,jpm of the 
angles BAD and ADB or BAD and ACB; therefore FAD is the dif- 
ference of the unknown aisles ABC, ACB; and FCD, at the circum- 
ference is the half of that difference; but because of the parallels 
DC, FG, the angles GFC, FCD are equal; therefore GFC is equal to half 
the difference of the unknown angles ABQ, ACB; but since the angle 
ECF in a semicircle, is a right angle, EG is perpendicular to CF, and 
therefore CF being radius, EC, CG are the tangents of the angles EFC, 
CFG; it is also evident that EB is the sum of the sides BA, AC, and that 
BF is the difference; therefore since BC, FG are parallel, EB : BF : : 
EC : CG (3.6.:) that is, the sum of the sides AC, AB, is to their diflference, 
as the tang^t of half the sum of the angles ABC, ACB, is to the tangent of 
half their diflference. 

To demonstnte tiie latto^gg^of the rule, let AC and AB, Tig. 46, repre> 
sent any two magnitudes wfj^jt^, in AB produced, take BD equal to AC 
the less, and bisect AD in E. 

Then because AE is equal to ED and AC to BD, CE is equal to EB; there^ 
fore AB or ED is half the sum of the given magnitudes AB, AC, and CE or 
EB is half their difference; but AB the greater is equal to AE, EB, that Is 
to half the sum added to half the difference ; and AC the less, ii equal to the 
excess of AE» half tiie suni. above CE, half the diflferaice. 
5* 
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greater of the two giv^i sides, and being subtracted 
fhxn the half sum will give the angle opposite the less 
given side. 

After finding the angles, the otber side may be (bund 
by Case 1. 

BXAMFLES. 

1. In the triangle ABC, there are given AB=128, AC 
=90, and the angle A=48^ 12 ', to find the angles B 
and C, and the side BC« 

By Canstruelton^ Fig« 47. 

Draw ABb128, and make the angle A=48^ 12'; dntw 
AC=90, andjoin BC. The angle B will measure 44'' 
37, the angle C ST IV, and the side BC 95.5. 

By Calcmkdwn, 

AB 128 180* O 

AC 90 Angle A 48 12 

Sum 218 Sum of the angles B and C 131 49 

Diflference 38 HaK'sum do. 65 54 

As the sum of the sides, AB, AC, 218 - - 2.33846 

Is to their difference, 38 1.57978 

So is the tangent ofhalf the sum of die angles ) . ^ 34030 

B an^C^ 65° 54' \ 

11.92916 
To tang, of half their drflference, 21' 17 • - 9.59070 

Half sum of the angles B and C - - - 65° 54' 
Add and subtract half their difference - 21 17 

Angle C - - - . - - 87 11 

Angle B --.4437 



It ' 
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To find the side BC. 

As sine of B, 44° 37 - - - 9,84656 
IstosineofA, 48 12 - - -9.87243 
So is AC, 90 ... 1.95424 



11.82667 



To BC, 95.52 1.98011 

By Gunter^s Scale. 

Extend the compasses from 218, the sum of the sides, 
to 38, their difference, on the line of numbers, and apply 
this extent to the line of tangents from 45° to the left 
hand ; then keeping the left ^g of the compasses fixed, 
move the other leg to 65° 54' the half sum of the angles ; 
that distance will reach from 45° on the same line, to 
21° 17', the half difference of the required angles. 
Whence the angles are obtained as before. 

To extend the second prc^rtion, proceed as directed 
in Case 1st. 

2. In a triangle ABC, are given AB=109, BC=76, 
and the contain^ angle B=101° SO', to find the other 
angles and side. 

5 Ans. The angle A=30^5T, C=4r 33', and the 
i side AC= 144.8. 

3. Given, in a right-angled triangle, the base AB= 890 ^ 
and the perpendicular BC=787, to find the angles and 
hypothenuse. 

( Ans. The angle A=41° 29', C=48° 31', and 
I the hypothenuse AC=1188. 
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CASE 4. 

Criven the three sidesj to find the angles. 

RULE 1. 

Consider the longest side of the triangle as the base, 
and on it let fall a perpendicular from the opposite angle* 
This perpendicular will divide the base into two parts^ 
called segments, and the whole triangle into two right- 
angled triangles. Then, 

As the base, or sum of the segments. 

Is to the sum of the other two sides ; 

So is the difference of those sides, 

To the difference of the segments of the base.* 



* DBMONsrrBATioir. Let ABC, Fig. 48, be a triangle, and CD be perpen- 
dicular upon AR About C a3 a centre with the lees side BC for a radius^ 
describe a circle, meeting AC produced, in G and E, and AB in F. Then 
it is evident that AE is equal to the sum of the sides AC, BC, and that AG 
is equal to their difference; also because CD bisects FB (3.3,) it is plaii 
that AF is the difference of the segments of the base ; but AxBAF=AE 
X AG (36.3. cor. ;) therefore AB : AE : : AG : AF (16.6 ;) that is, the base, 
is to the sum of the sides, as the difference of the sides, is to tlie difference 
of the segments of the base. 

Cor. If AF be considered the base of the triangle AFC, then will CD 
be a perpendicular on the base produced ; AE will be equal to th« 
sum of the sides AC, FC, and AG will be equal to their difference ; also 
AB will be equal to the sum of the segments AD, FD. But by the preced- 
ing demonstration and (16.5,) AF : AE : : AG : AB ; hence, when the 
perpendicular falls without the triangle, the base is to the sum of the 
j»- sides, as the difference of the sides is to the sum of the segments of 
the base. 

A rule might, therefbre, be given, making either side of a triangle 
the base ; and such a rule would be rather more convenient, in some cases, 
than the one above : but then, on account of the perpendicular sometimes 
foiling within and sometimes without the triangle, it would require two cases; 
and consequently would be less simple. 
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To half the base, add half the difference of the Beg-^ 
ments, and the sum will be the greater segment ; also 
from half the base, subtract half the difference of the 
segments, and the remainder will be the less segment 

Then, in each of the two right-angled triangles, there 
will be known two sides, and an angle opposite to one 
of them ; consequently the other angles may be found 
by Case 2. 

1. In the triangle ABC, are given AB=426, AC=365, 
and BC=230; required the angles. 

By Construction^ Fig. 49. 

Draw AB=:426 ; with AC=365 m the dividers, and 
one foot in A, describe an arc, and with BC=230, and 
one foot in B describe another arc, cutting the former in 
C ; join AC, BC, and ABC will be the triangle re<piired. 
The angles measured by a scale of chords, will be A= 
35r Sy, B=:58*' 56', and C=8y 25'. 

By Calcuhtion. 

AC 365 

BC 230 

Sum 595 



Difference . . - - 135 



« 
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As the base AB 426 2.62941 

Is to the sum of the sides AC, BC - 595 2.77452 
SoisthedijQr.ofthe8ide8AC,BC - 135 2.13033 

4.90485 
To the di£ of the segments AD, DB 188.6 2.27544 

<' Half difil of the segments - - - 94.3 
Half base 213. 

Segment AD 307.3 

SegmentBD 118.7 

As AC 365 2.56229 

Is to AD 307.3 2.48756 

So is sine of ADC - - 90° 10.00000 

12.48756 

TosineofACD - - - - 57" 21' 9.92527 

90 00 

Angle A 32 39 

AsBC 230 2.36173 

IstoBD 118.7 2.07445 

So is sine of BDC . . . . 90" 10.00000 

12.07445 

To sine of BCD 31' 4' 9.71272 

90 

Angle B 58 56 

From 180° subtract the sum of the angles A, and B. 
91" 35', and the remainder 88° 25' is the angle C. 
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By Gunier's Scale. 

Extend the compasses from 436 to 595 on the hne o! 
numbers ; that extent will reach on the same hne firom 
135 to 188.6 the difference of the segments of the base. 
Whence the segments of the base are found as before. 
To extend the other proportions, proceed as directed in 
Case 2. ;• 

2. In a triangle ABC, there are given AB=64, ACrr 
47, and BC=:34 ; required the angles. Ans. Angle A *• 
=31^ 9, B=r=45^ 38', and C= 103^ 13'. 

3. In a triangle ABC, are given AC==88, ABcx=108, 
and BC=:54, to find the angles. Ans. Angle A=29^ 
49^, B=«54^ T, and C=96° 4. 

RULE 2» 

Add together the arithmetical complements of the \o^ ' 
garithms of the two sides containing the required angle, 
the logarithm of the half sum of the three sides, and the 
logarithm of the difference between the half sum and 
the side of^K>sit6 the required angle. Then half the 
sum of these four logarithms will be the logarithmic 
cosine of half the required angle.* 



* DnKmnrniTioR. Let ABC, be a triaagle of whidi tiie lide AB, k 
greater than AC: make AD^ACy join DC, bisect it in £^ and join AS; 
draw EH parallel and equal to CB; join HB and produce it to meet AS 
prodaced in 6. 

Now in the triangles AED, AEG, 
all the rides of the one are equal 
to the rides of the other, each to 
each; therefore (Rl) the angle EAD 
sEACand AEIMAEC; consequent- 
iy AED is a right angle. 
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1. In the triangle ABC, are given AB=426, AC=:365 
and BC=230 ; required the angle A. 





By Calculation. 




BC 


230 




AC 


365 Ar. Co. 


7.43771 


AB 


426 Ar. Co. 


7.37059 



2)1021 
Half sum 510^ 



Difference 280.5 



Cos.iA 16^20' 

2 



log. 

log. 2.44793 

2)19.96423 

9.98211 



AngleA 32 40 



Because EH is eqoal and parallel to BC, BH is also equal and parallel to 
EC (3ai ;) now in the triangles EDF and HBF, the angle EF]>=BFH, the 
angle FEI>=FHB (29.1) and ED=EC=BH ; therefore (2ai) EF=FH, and 
PD=PR Again, the angle HGE=DEA=a right angle; if therefore 
with the centre F, and radius FEp=FH, a circle he described, it will pass 
through the point G (31.8.) 

Now2AF=2AD4.2Di^AD+AD4.DB=AD+AB=AC+AB;there- 
fore AF==iAC+ ^AB ; also FK^ilE^^EH^^BC ; hence, by adding equals 
to equals, AF+FK=iAC+iAB+iBC, or AK==i(AC+AB+BC;) again, 
AI=AK— IK;-=i(AC+AB4-BC)— BC. 

But (Dem. to rule, case 1st) AD : AE : : sin. AED : sin. ADE : : rad. : cos. 
EAD (cos. ^BAC.) Abo, AB : AG : : sin. AGB : sin. ABG : : rad.: coa 
BAG (COS. ^BAC.) 

Hence (c. 6) ABx AD: : AGx AE: :rad.«: (co& ^BAC)«. ButABx 
ADb AB X AC, and (cor. 86.3) AG X AE=» AK x AI=:^( AC4- AB4- BC) x 
[J(AC+AB+BC)— BC;] therefore ABx AC: i(AC+AB+BCOx[i(AC-r 
AB+BC)— BC] : : rad.« : (cos. JBAC)« . 

Now it is evident, that in working this proportion by logarithms 
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If the Other angles arc required, they may be found 
by Case 1. 

2. In a triangle ABC, are given AB=:64, AC=47, and 
BC=34, to find the angle B, Ans. Angle B=45^ 38'. 

3. In a triangle ABC, are given AC=:88, AB=108, 
and BC=54, to find the angle C. Ans. C=96° 4'. 

The preceding rules solve all the cases of plane trian- 
gles, both right-angled and oblique. There are, how- 
ever, other rules, suited to right-angled triangles, which 
are sometimes more convenient than the general ones. 
Previous to giving these rules, it will be necessary to 
rpake the following 

Remarks on right-angled triangles. 

1. ABC, Fig. 50, being a right-angled triangle, make 
one leg AB radius, that is, with the centre A, and dis- 
tance AB describe an arc BF. Then it is evident that 
the other leg BC represents the tangent of the arc BF, 
or of the angle A, and the hypothenuse AC the secant 
of it. 

2. In like manner, if the leg BC, Fig. 51, be made 
radius ; then the other leg AB will represent the tangent 
of the arc BG, or angle C, and the hjpothenuse AC the 
secant of it. 



and taking the arithmetical compIementB of the lo^rithms of the first 
term, viz. of the two sides including the required angle, if we omit the 
logarithm of the square of radius, which is 20, it is just equivalent to re- 
jecting 20 from the sum of the logarithms ; which would oUierwise hsTO to 
be done. 



^ 
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3. But if the Iqrpothenuse be made radius, then each 
leg will represent the sine of its opposite angle ; namely, 
the leg AB, Fig. 52, the sine of the arc AE or angle C, 
and the leg BC the sine of the arc CD, or angle A. 

7%e angles and one side of a right-singled triangle being 

givenj to jind the other sides. 

RULE, 

Call any one of the sides radius, and write upon it the 
word radius ; observe whether the other sides become 
sines, tangents, or secants, and write these words on 
them accordingly. Call the word written upon each 
side the name of that side. Then, 

As the name of the side given. 

Is to the name of the side required ; 

So is the side given. 

To the side required.* 

Two sides of a rightningled triangle being given to find 

the angles and other side. 

RULE. 

Call either of the given sides radius, and write on 
them as before. Then, 



^DBMONflrniATioii. Let ABC, Rg. 68, be a right angled triangle ; then it is 
evident that BC is the tangent, and AC the secant of the angle A, to the ra^ 
dius AB. Let AD represent the radius of the tables, and draw DE perpen- 
dicular to AD, meeting AC produced in E ; then DE is the tangent, and A£ 
the secant of the angle A, to the radius AD. But because of the similar tri- 
angles ADE, ABC, AD : DE : : AB : BC ; that is, the tabular radius : tabular 
tangent : : AB : BC. Also AD : AE : : AB : AC ; that is, the tabular radius : 
tabular secant : : AB : AC. Theflb proportions correspond with the rule. 
When either of the other sides is made radius, the demonstration will be 
similar. 



49^ 
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As the fidde made radius, 
Is to the other given side ; 
So is radius, 
To the name of that other side.* 

After finding the angle, the other side is found as in 
the preceding rule.' 



1. In a right-angled triangle ABC, are given the base ' 
AB=208, and the angle A=35'' 16', to find the hypo- ^ 
thenuse ACand perpendicular BC. 



By Calculation. 

The hypothenuse AC being radius. 
AsthesineofC,54^44' - - - 9.91194 

Is to radius 10.00000 

So is AB 208 2.31806 



««i 



12^1806 

To AC 254.8 - 3.40613 

As the sine of C 54" 44' - • - 9.91194 
Is to the sine of A, 35 16 - - - 9.76146 
So is AB 208 2.31806 

12.07952 
To BC, 147.1 - - ^- - - 2.16758 

* TUi vdieoairreneorth.9t«oediiigfnile. 
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The base AB being radius. 

As radius - - - 10.00000 

Is to the secant of A, 35° 16' - - 10.08806 
So is AB 208 2.31806 

12.40612 

To AC 254.8 2.40612 

As radius 10.00000 

Is to tangent of A, 35° 16' - - 9.84952 
So is AB, 208 - 2.31806 

12.16758 
To BC 147.1 ....... 2.16758 

The perpendicular BC being radius. 

As tangent of C 54° 44' .... 10.15048 
Is to secant of C, 54 44 .... 10.23854 
So is AB, 208 2.31806 

12.55660 

To AC 254.8 2.40612 

As tangent of C, 54° 44'- - - - 10.15048 

Is to radius, 10.00000 

So is AB 208 ---.-. 2^31806 

12.31806 

To BC, 147.1 2.16758 

2. In a rijrhf nnji;1rdI||jnn|j|i^:ATtr there are given the 
hypothenuse AC=272,% ti^e base AB=232 ; required 
the angles A and Q and the perpendicular BC. 



/ 
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* By Caladation. 

The hypothenuse AC being radius. 

As AC, 272 2.43457 

l8toAB,232 2.36549 

Soisndiua laOOOOO 

12^6549 

To sine of C, 58* 32* - - - - 9.93092 

As radius 10.00000 

Is to sine of A, 3r 28' - - - - 9.71767 
So is AC, 272 2.43457 

12.15224 

ToBC,142 2.15224 

The base AB being radius. 

AsAB,232 2.36549 

Is to AC, 272 2.43457 

So is radius 10.00000 

12.43457 

To secant of A, 31" 28* - . - . 10.06908 

As radius - - 10.00000 

Is to tangent of A, Sr 29 • - - 9.78675 
So is AB, 232 2.36549 

* 

^ q^ 12.15224 

ToBC,142 - - 2.15224 

6 • 1 
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^ 



3. In a right-angled triangle, are ^iven the hjrpothe- 
nose A(>=36.57, and the angle A=27° 46', to find the 
base AB, and perpendicular BC. 

Ans. Base AB=32.36, and perpendicular BC=17.04. 

4. In a right-angled triangle, there are given, the per^ 
pendicularssl93.6, and the angle opposite the base 4T 
51'; required the hjpothenuse and base. 

Ans. Hypothenuse=288.5, and base=213.9. 

5. Required the angles and hypothenuse of a right- 
angled triangle, the base of which is 46.72, and perpen- 

t dicular 57.9. 

A ( Angle opposite the base 38'' 54', angle opposite 
^- ( the perpendicular 5r 6', and hypothenuse 74.4. 

When two sides of a right-angled triangle are given, 
the other side may be found by the following rules, with- 
out first finding the angles. 

1. When the hypothenuse and one leg are given^ to find 

the other leg. 

RULE. 

Subtract the square of the given leg firom the square 
of the hypoth^Quse ; the square root of the remainder 
will be the leg required.* Or by logarithms thus. 

To the logarithm of the sum of the hypothaiuse and 
given side, add the logarithm of their difference ; half 
this sum will be the logarithm of the 1^ required. 



♦ D jytowi ' iu Tiow. The u^ j fafc of fte hypothenoae of a right<mgled tri- 
■agle 18 eqaal to the fam of the 'squares of the sides (47.1.) Therefore the 
tmth'of the first part of each of the rales is erideiit 
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2. When the two legs are given to find the hypoihenuse. 

RULE. 

Add together the squares of the two given legis ; the 
square root of the sum will be the hypothenuse.* Or 
by logarithms thus, 

From twice the logarithm of the perpendicular, sub 
tract the logarithm of the base, and add the correspond- 
ing natural number to the base ; then, half the sum of 
the logarithms of this sum, and of the base, will be the 
logarithm of the hypothenuse. 

EXAMPLES. 

1. The h3rpothenuse of a right-angled triangle is 272, 
and the base 232 ; required the perpendicular. 

Calculaiion by logarithms. 

Hypothenuse - - 272 
Base - - - - 232 



Sum - - - - 504 log. 2.70243 
Difference ... 40 1.60206 



2)4.30449 



Perpendicular - - 142 2.15224 



* Put A=the hypothenuao^ ft=:the bBfle» and pesithe perpendic uhtr, 

then (47.1) j^=¥-^i^=(5Ji cor.) *+Fx*^ or p=^/A+^xA^- 
whence, from the nature of logarithma, the latter part of the first nik 
ti evident 

Also (47.1) A«=4»+jifc=6xM^« A=vCX^X6+^ ^ 

b irjc, b / 

which, solved by logarithms, will correspond with th^ latter part of the 
second rule. 

5 
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2. Given the base 186, and the perDCndicular 152| to 
find the hypothenuse. 

Calculation by Logarithms. 



Fbrpeodicular 152 k^. 


2.18184 
2 


Base - - . 186 

am 


4.36368 

2.26951 2J26951 


120 


2X»417 


310J2 


log. .249164 


Hvpothnmifle 240J2 


2)4.76115 
log. 2.38057 



3. The hypothenuse being given equal 403, and one 
1^ 321 ; required the other leg. Ans. 243.7. 

4. What is the hypothenuse of a right-angled trianglet 
the base of which is 31.04, and perpendicular 27.2? 

Ans. 41.27. 

The following examples, in which trigonometry is ap- 
plied to the mensuration of inaccessible distances and 
heights, will serve to render the student expert in solving 
the different cases, and also to elucidate its use. 

THE APPLICATfCnf OF PLANE TRIGONOMETRY TO THE MEN8U 
RATION OF DISTANCES AND HEIGHTS. 

BXAMPLB 1, Fig. 54. 

Being on one side of a river and wanting to know the 
distance to a house on the other side, I measured 500 
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yards along the side of the river in a right Une AB, and 
found the two angles* between this Une and the object 
to be CAB=74^ 14', and CBA=49^ 23'. Required the 
distance between each station and the object. 

Calculatian. 

The sum of tHe angles CAB and CBA is 123'' 37, which 
subtracted from 180'' leaves the angle ACB=56'' 23^ 
Then by Case 1 ; 

8. ACB : 8. CBA : : AB : AC 
56^23' 49*23' 500 455.8 

and 

8. ACB : 8. CAB : : AB : BC 
56''23' 74M4' 500 5T7.8 

BXAKPLB 2, Fig. 55. 

Suppose I want to know the distance between two 
{daces A and B, accessible at both ends of the line AB, 
and that I measured AC=735 yards, and BC=840; 
also the angle ACB=:55'' 40'. What is the distance 
between A and B ? 






Cakulation. 



The Angle ACB=55* 40*, being sobtracted fix>m 180°, 
leayes 124° 20f; the half of which is 62° l(f. Then by 
Cases. 



* The •aglea my be taken with • eoaniMm e ar ve y oT'e oompaa ; cr mora 
KW tt i te l y wiA m iiliui ii Bal called a theodalite. 



A 
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CAB+CBA . CAB— CRA 
BC+AC : BC— AC : : tangent ^ tangent 2 

1575 105 629 W r> 12* 

CAB+CBA CAB-C9A 
To and from g ==02^10', add and sub. 2 ^^ 

12', and we shall have CAB=G9<>22', and CBA=540 58'. Then, 

8. ABC . 8. ACB : : AC : AB 

54058' 550 40* 735 UlSl 



EXAMPLE 3, Fig. 56. 

» 

Wanting to know the distance between two inacces 
sible objects A and B, I measured a base line CD=300 
yards : at C the angle BCD was 58° 20' and ACD 95^ 20f; 
at D the angle CDA was 53° SQf and CDB 98° 45'. Re- 
quired the distance AB. 

Calculation. 

1. In the triangle ACD, are given the angles ACD=95" 
2(y, ADC=53° 3(y, and the side CD=300, to find AC=. 
465.98. 

2. In the triangle BCD, are given the angle BCD=. 
58° 20', BDC=98° 45', and side CD=300, to find BC=: 
761.47. 

3. In the triangle ACB we have now given the angle 
ACB=ACD-BCD=:3r, the side AC=465.98 and BC 
«76i.47, to find AB=479.8 yards, the distance re- 
quired. 

EXABIPLE 4, Fig. 57. 

Being on one side of a river and observing three ob- 
jects, A, B and C stand on the other side, whose di 
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tances apart I knew to be, AB=:3 miles, AC=2, and BC 
=1.8, 1 took a station D, in a straight line with the ob- 
jects A and C, being nearer the former, and found the 
angle ADB= VT 4T. Required my distance from each 
of the objects. 

Ccnsiructian. 

With the three given distances, describe the triangle 
ABC; from B, draw BE parallel to CA, and draw BD 
making the angle EBD=1T' 4T (the given angle ADB) 
and meeting CA produced, in D : then AD, CD and BD 
will be the distances required.* 

Calculation. 

1. In the triangle ABC we have all the sides given, to 
find the angle C=104^ &. 

2. Subtract the sum of the angles D and C from 180% 
the remainder 58° 5' will be the angle DBC ; then in the 
triangle BCD we know all the angles and the side BC 
to find DC=5.002 and BD=5.7i5 ; therefore DA=DC 
— AC=3.002. 

EXAMPLE 5, Fig. 58. 

From a station at D, I perceived three objects, A, B 
and C, whose distances fix>m each other I knew to be as 
follow : AB=: 12 miles, BC=7.2 miles, and AC=8 miles; 
at D, I took the angle CDB=25° and ADC=il9% 
Hence it is required to find my distance from each of 
the objects. 



'^ Dbmorbtratioh. By constructioD, the distances AB, BC and AC 
axe equal to the given distances ; also the angle (29.1) BDC=the angle 
DBE=the given angle. 
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Construction. 

With the given distances describe the triangle ABC ; 
at B, make the angle EBA=19**=the given angle ADC, 
and at A, make the angle EAB=25^=the given angle 
BDC ; draw AE, and BE meeting in E, and (by prob. 10,) 
describe a circle that shall pass through the points A, 
E and B : join CE and produce it to meet the circle in 
D, and jom AD, BD, then will AD, CD, and BD be the 
distances required,* 

Calculation. 

1. In the triangle ABC, all the sides are given, to find 
the angle BAC=35° 35'. 

2. In the triangle AEB, are given all the angles, viz. 
EAB=25% EBA=19%and AEB=136% and the side 
AB=12, to find AE=5.624. 



* Demonstration. The angle ADC Btanding on the same arc with the 
angle ABE is equal to it (21.3.) For the same reason the angle BDC 
is equal to the angle BAE; but by construction the angles ABE and BA£ 
are equal to the given angles ; therefore the angles ADC and BDC are equal 
to the given angles. 

Note. — ^When the given angles ADC, BDC are respectively equal to the 
angles ABC, BAC, the point E will fall on the point C, the circle will paas 
through the points A, C, and B, and the pomt D may be any where in the 
arc ADB ; consequently, in this caae^ the situation of the point D, or its 
distance from each of tiie objects A, B, G9 eannot .be determined from the 
data given. 

It may not be improper also to observe, that even when the angle ADB; 
which is the sum of the given angles, is equal to the sumcfFthe angles ABC, 
BAC, or which is the same thing, is the supplement of the angle ACB; the 
circle passes through the points A, C, B ; but tlien the angles ADC, BDC^ 
unless they have been erroneously taken, will be respectively equal to Ike 
angles ABC, BAC. 

1. 



/ 
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» 

3. In the triangle CAE we have given the side AC=8, 
AE=5.624, and the angle CAE=BAC— EAB=10^ 35' 
to find the angle ACE=22^ 41', 

4. In the triangle DAC, all the angles are given, viz. 
ADC= 19% ACD=22^ 41' and CAD= 180°— the sum of 
the angles ADC and ACDrKlSS"* 19', and the side AC 
=8, to find AD=9.47 miles, and CD= 16.34. 

In the triangle ABD, we have the angle ADB=ADC 
+BDC=44% the angle BAD=CAD~BAC=10y 44', 
and the side AB=12, to find BD=16.85 miles. 



EXAMPLE 6, Fig. 59. 

A person having a triangular field, the sides of which 
measure AB=50 perches, AC==46 perches, and BC=40 
perches, wishes, to have a well dug in it, that shall be 
equally distant from the comers A, B, and C. What 
must be its distance firom each comer, and by what angle 
from the comer A, may its place be found ? 

Constmctian. 

With the given sides constract the triangle ABC, and 
(by Prob. 10.) describe a circle that sh^ pass through 
the points A, B, and C ; then the centre E of this circle 
is the required place of the vvell.* 

Caiculatum. 

1. In the triangle ABCS, aff&e sides are given, to find 
the angle ABC==60^ 16'. 

2. Join GE and produce it to meet the circumference 
in D; also jdin AEand AD; then the angles ADC, ABC 



i^ii* 
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. being angles in the Htme segment, are eqoal ; abo the 

^- * angle DAC being an angle in a semicircley is a light an- 
gle : therefore in the right-angled triangle DAC, we have 
.^ the angle ADa=ABG=60'' 16', and the side AC, to find 
, ^" CD=52.98 perches. The half of CD is=26.49 porches 
=CEE=the distance of the well bom each comer. 

3. The i«^ ACD=9(r— ADC=29^ 44'; bat because 
AEC is an isosceles triangle, the angle CAE=ACE 2y 
44' the angle required. 

EXAMPLE.?, Fig. 61. 

Wishing to know the height of a steeple situated on 
a horizontal plane, I measured 100 feet in a right line 
from its base, and then took the angle of elevation* of 
tlie top, which I found to be 47^ 30' the centre of the 
quadrant being 5 feet above the ground : required the 
height of the steeple. 



* Angles of elevation, or of depresBion, are usoally taken with an instm- 
ment called a quadrant, the arc of which is divided into 90 equal parts or de- 
grees, and those, whto the instrument is sufficiently largo may be subdivi- 
ded into halves, quarters, &c. From the centre a plummet is suspended by 
a fine silk thread. Fig. 60, is a representation of this instrument 

To take an angle of elevation, hold the quadrant in a vertical position, 
and the degrees being numbered from B towards C, with the eye at C, look 
along the side CA, moving the quadrant till the top of the object is seen in a 
range with this side ; then the angle BAD made by the plummet with the 
side BA, will be the angle of elevation required. 

Angles of depression are taken in the same manner, except that then the 
eye is applied to the centre of the quadrant 

Note. — In finding the height of an object, it is best to take such a position 
that the observed angle of altitude may be about 45° ; for when the observed 
angle is 45°, a small error committed in taking it, makes the least error in 
the computed height of the object 
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CalcbdatitiiL 

In the right angled triangle DEC, we have the an- 
gle CDE=47° SCy, and the base DE=AB=100 feet to 
find CE=109.13 feet ; to CE add EB=DA=:5 feet, tlie 
height of the quadrant, and it will give BC= 114.13 feet, 
the required height of the steeple. 

EXAMPLE 8, Fig. 62. 

Wishing t6 know the height of a tree situated in a 
bog, at a station D, which appeared to be on a level 
with the bottom of the tree, I took the angle of eleva- 
tion BDC=51° SC; I then measured DA=75 feet in a 
direct line from the tree, and at A, took the angle of 
elevation BAC=26° W. Required the height of the 
tree. 

Caladaiion. 

1. Because the exterior angle of a triangle is equal to 
the sum of the two interior and opposite ones, the angle 
BDC=DAC+ACD; therefore ACD=BDC-DAC=25^: 
now in the triangle ADC we have DAC=26° 30', ACD 
=25% and AD=75, to find DC=79.18. 

2. In the right angled triangle DBC are given DC= 
79.18, and the-angle BDC=51^ 3^ to find BC=61.97 
feet, tlie required height of the tree. 

EXAMPLE 9, Fig. 63. 

Wanting to know the height of a tower EC, which 
stood upon a hiU, at A, I took the angle of elevation 
CAB=44*'; I then measured AD 134 yards, on level 
ground in a straight line towards the tower; at D the 
angle CDB was 67*^ 50' and EDB 51^ Required the 
height of the tower and also of the hill. 
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/ Calculation. 

1. In the triap^ ADC we have the angle DAC=44^ 
the angle ACD=BDC— DAC=23^ 5(y, and the side AD, 

^ to find DC=230.4. 

2. In the triangle DEC all the angles are given, viz. 

DEC=180*«the sum of the angles CDE and DCE,= 
141^ and CD=230.4, to find CE= 106 yards, the height 
of the tower. 

3. In the right-angled triangle DBC, we have the an- 
* gle BDC=67° W, and the side IX>=230.4, to find BG= 

213.4; then BE=BC-CE=213.4- 106=107.4 yards, 
the height of the hill. 



EXAMPLE 10, Fig. 64. 

An obelisk AD standing on the top of a declivity, I 
measured from its bottom a distance AB==40 feet, and 
then took the angle ABI^=s41''; going on in the same di- 
rection 60 feet farther to C, I took the angle ACI>=23^ 



• 



a? 






^ 45': what was the height of the obelisk ? 



Calculation. 

1. In the triangle BCD, we have given the angle BCD, 
n=23^ 45', the angle BDC=ABD-BCD=17^ 15', and 
side BG=60, to find BI>=81.49. 

2. In the triangle ABD arc given the side ABc=40, 
B]>=81.49, and the angle ABD=41% to find AI>=57.64 
feet, the height of the obelisk. 
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EXAMPLE 11, Fig. 65. 

Wanting to know the height oC^an object on the 
other side of a river, but^which ajqpeared to be on a 
level with the place where I stood, close by the side of 
the river ; and not having room to go backward on the 
same plane, on account pf the immedia^rise of the 
bank, I placed a mark where I stood, ani^KMisured in 
a direct line from the object, up the hill, whose ascent 
was so regular that I might account it a right line, to 
the distance of 132 yards, where I perceived that I was 
above the level of the top of the object; I there 
took the angle of depression of the mark by the river's ^ 
side equal 42% of the bottom of the object equal 2T, 
and 6f its top equal 19^: required the height of the 
object 

Calcuhtion. 

_ « 

1. In the triangle ACD, are given the angle CAD^ 
EDA=2r', ACDb=i80''-CDE (FCD)=138» and the 
side CI>=132, to find AD^ld4.55 yards. 

2. In the triangle ABD, we have given ADB=ADE— • j^ 
BDE=8°, ABI>=BED+BDE=109^ and AD=ia4.55, ^ 
to find AB= 28.64 yards, the required height of the object. 

EXAMPLE 12, Fig. 66. 

A May-pole whose height was 100 feet standing oa a 
horizontal plane, was broken by a blast of wind, and the 
extremity of the top part struck the grouAd at the dis- 
tance of 34 feet from the bottom of the pole : required 
the length of each part. 

7* 
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Construction. 

Draw AB=34, and perpendicular to it, make BC= 
100 ; join AC and bisect it in D, and draw DE perpendi- 
cular to AC, meeting BC in*E ; then AE=CE=ithe part 
broken off.* 

Calculation. 

1. In the right-angled triangle ABC, we have AB=34 
and BC=100, to find the angle C=18^ 47. 

2. In the right-angled triangle ABE, we have AEB— 
ACE+CAE=2ACE=37° 34', and AB=34, to find AE 
-55.77 feet, one of the parts; and 100—55.77=44.23 
feet the other part. 

PRACTICAL QUESTIONS. 

1 • At 85 feet distance from the bottom of a tower, the 
angle of its elevation was found to be 52** 30':' required 
the altitude of the tower. Ans. 110.8 feet 

2. To find the distance of an inaccessible object, I 
measured a Une of 73 yards, and at each end of it took 



* Demonstratio!!. Io the triangles AED, DEC, the angle ADE=CDE, 
the aide AD=CD, and DE is common to the two triangles, therefore (41) 
AE=CE. 

iVote. — ^This question may be neatly solved in the following man- 
ner without finding either of the angles. Thus, draw DF perpendi- 
cular to BC, then (31.3 and cor. 8.6) PC : DC : : DC : CE ; conse- 

quently CE=pQ ; but DC?=-j-= ^' — ^, and FC=JBC ; Uiere- 

ir AB'+BC^ 34«+100« 1156+10000 1115 6 __ ^, 

for«^CE=-^BC = -200 = 206"=—200-=^-^ ^^ 

same as before nearly. 
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the angle of position of the object and the other end, and 
found the one to be 90% and the other 61'' 45': required 
the distance of the object from each station. An$. 135^ 
yards from one, and 154.2 from the other. 

3. Wishing to know the distance between two trees 
C and D, standing in a bog, I measured a base line AB» 
339 feet ; at A the angle BAD was 100^ and BAC 36*^ SOf; 
at B the angle ABC was 121^ and ABD 49^: Required the 
distance between the trees. Ans. 697i feet. 

4. Observing three steeples, A, B and C, in a town at a 
distance, whose distances asunder are known to be as 
follows, viz. AB=213, AC«404, and BC-262 yards, I 
took their angles of position from the place D where I 
stood, which was nearest the steeple B, and found the 
angle ADB=13° 30'; and the angle BDC=29^ 50^. Re- 
quired my distance from each of the three steeples. Ans. 
AD=571 yards, BD=389 yards, and Ca)=514 yards. 

5. A May-pole, whose top was broken off by a blast 
of wind, struck the ground at 15 feet distance from the 
foot of the pole : what was the height of the whole May- 
pole, supposing the length of the broken piece to be 39 
feet ? Ans. 75 feet 

6. At a certain place the angle of elevation of an m- 
accessible tower was 26® 30*; but measuring 75 feet in 
a direct line towards it, the angle was then found to be 
5V 3Qf: required the height of the tower and its distance 
from the last station. Ans. Height 62 feet, distance 
49. 

7. From the top of a tower by the sea side, of 143 Qet 
high, I observed Uiat the angle of depression of a ship^a 
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bottom, then at anchor, was 35^ ; what was its distance 
firODi the bottom of the wall ? An$. 204J2 feet* 

8. There are two colimms left standing upright in the 
rains of Persepolis ; the one is 64 feet above the {dane^ 
and the other 50 ; in a right line betwe^i these stands 
an ancient statue, the head of which is 97 feet from the 
summit of the higher, and 86 from that of the lower 
column; and the distance between the lower colunm 
and the centre of the statue's base is 76 feet : required 
the distance between the tops of the colunms. 

Ans. 157 feet 



•si ". 



SURVEYING. 



CHAPTER L 

ON THE DIMENSIONS OF A SURVEY. 

1. SuRYETiNO is the art of measuring, laying out and 
dividing land. 

2. A Four-Pole Chain is an instrument used for mea- 
suring the boundaries of a survey. It is, as its name im- 
ports, 4 poles or 66 feet in length, and is divided into 100 
equal parts or links. The length of a link is therefore 
7.92 inches. 

Note. — ^A Four-pole Chain is frequently called simply 
a chain. 

3. A Tloo'pole Chain is 2 poles or 33 feet in length, 
and is usually divided into 50 equal parts or links. 
When it is thus divided, the links are of tlie same length 
as in a four-pole chain ; and the measures taken with 
it are reduced to four-pole chains previous to using thett: 
in calculation. 

Sometimes the two-p(de chain is divided into 40 links ; 
in which case, each two links is the one-tenth of a perch. 
Measures taken with a two-pole chain, thus divided, are 
usually expressed in perches and tenths. 

L 81 
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4. The Distance of a line in surveyings is its length, 
Cbtimated in a horizontal direction. It is generally ex- 

jBJPgfssed either in chains and links, or in perches and 
^iniths. 

■ 

5. A Meridian or Meridian Line is any line that runs 
due north or south. 

Note. — All the meridians passing through any survey 
of moderate extent may be considered as straight lines, 
parallel to one another.* 

6. The Bearing or Course of a line, is the angle which 
it makes, with a meridian passing through one end ; and 
it is reckoned from the North or South Points of the 
horizon towards the East or West Points. 

Thus, supposing the line NS, Fig. 77, to be a meridian, 
and the angle SAB to be 50''; then the bearing of AB 
from the point A, is 50^ to the east of south ; which is 
usually expressed thus : S. 50® E., and read, south, fifty 
degrees east. 

7. The Reverse Bearing of a line is the bearing taken 
from the other end of the line. 

Note. — ^The bearing and the reverse bearing of a line, 
are angles of the same magnitude,t but lying between 



* The meridians are, in reality, curve lines which meet in the north and 
soath poles of the earth. No two of them are therefore exactly parallel ; 
but in usual surveys their deviation from parallelism is so veiy small, that 
there is no sensible error in considering them so. 

t As the meridians are not exactly parallel, this is not strictly true, except 
in a few cases ; but the difference is too small to be obeerved in practice. Ii 
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directly opposite points. Thus, if the bearing of AB, 
from the end A, is S. 50° E., the bearing of tlie same line 
from the end B, is N. 50° W. 

8. A Circun^erentor or Surveyor's Compass, is an 
struraent uaed to take the bearings of lines. 

The circumference of its face is divided into degrees, 
and in some of the larger ones into half degrees, in such 
manner that two opposite points may be exactly in the 
direction of the sights with which the instrument is fur- 
nished. These points are the north and south points of 
the instrument. Midway between them, on the circum- 
ference, are the east and west points. The degrees are 
numbered from 0° to 90°, eacli way from the north and 
south points to the east and west ones. In the centre 
of the face is a pin, finely pointed, which supports a 
Magnetic Needle, moving freely within the instrument 
The instrument, when used, is placed on a staff, having 
a pointed iron at tlie bottom, and a ball and socket at 
the top. 

The Qiain and Compass are the instruments with 
which the dimensions of surveys in this country arc 
generally taken. It is important to have them accurately 
made. In the selection of a compass, particular atten- 
tion should be directed to the settling of the needle. If, 
when the needle has been moved out of its natural posi- 
tion, it settles veiy soon, it is defective ; either its mag- 
netic virtue is weak, or it does not move with sufficient 
freedom on the pin. 

9. The DifermoB of Latitude, or the Northing or 



the l&titude of Philadelphia the greatest difference between the bearing anil 
reverse bearing oFb line, n mile in length, ib oiilf 44". In higher UlitadeB 
the difference is greUcr. 



i 
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Southing of a line, is the distance that one end is further 
J north or south than the other end ; or it is the distance 
hrhich is intercepted on a meridian passing through one 
f Mid, between tliis end and a perpendicular to the meri- 
dian, from the other end. 



Thus, if NS, Fig. T7, be a meridian passing througft, 
the end A, of the line AB, and B6 be perpendicular tq 
NS, then is A6 the difference of latitude or souUimg of 
AB. 

10. The Departure or the Easting or Westing of a tiniS 
IB the distance that one end is further east or west than 
the other end ; or it is the distance from one end, perpeni] 
dicular to a meridian passing through the other end. ^* 

Thus B6, Fig. 77, is the departure or easting of the 
line AB. 

But if ns be a meridian, and AC perpendicular to it} 
and if the bearing of tlie line be taken from B to A, then 
is BC the difference of latitude or northing, and AC the 
departure or westing, of the line AB. 

Note. — It is evident from the definitions, that the DIb- 

tance, Difference of Latitude, and the Departure form the 

sides of a right-angled triangle ; in which, considering 

the departure as the base, the perpendicular is the differ- 

•Mt ®°^^ ^^ latitude, the hypothenusc is the distance, and the 

^^ angle at the perpendicular is the bearing. 

11. The Meridian Distance of any station, is its dis- 
tance from a meridian passing througli the first station 
of the survey, or any otlier assumed point, 

12. The Traverse Table,is a table containing the dif- 
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ferences of latitude and tlie departures, computed to dif- 
ferent courses and distances. 




13. The Area or Content of a tract of land is the hori- 
zontal surface included within its boundaries, expressed 
in known measures, as Acres, Roods, and Perches. 

14. In going round a tract of land and returning to 
the place of beginning, it is evident that the whole 
nortliing which has been made, must be equal to the 
southing, and the easting to the woeting ; or in other 
words, that tlie sum of all the northings must be equal 
to that of the southings, and the sum of the eastings, to 
that of the westings. 

This principle enables us to judge of the accuracy of 
a survey, when the bearings and distances of all the sides 
have been taken. If the sums of the computed north- 
ings and southings are equal, and also those of the east- 
ings and westings ; or, if, though not exactly equal, they 
are very nearly so, we may conclude that the survey has 
been correctly made ; as very small differences in these 
sums may be imputed to little, unavoidable errors in 
taking the bearings and measuring the distances. But 
when the sum of the northings differs considerably from 
that of the southings, or that of the eastings from that 
of the westings, we must infer that an error has been 
made, too great to be admitted. In this case a re-sur- 
vey should be taken. 

It is a rule with some of our best practical surveyors, 
that when the difference between the sums of the north- 
ings and southings, called the error in latitude, or that 
between the sums of the eastings and westings, called 
the error in d^rture, exceeds one link for every five 
chains in the sum of the distaDces, a re-survey ought to 
be made. 
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When the errors in latitude and departure fall within 
the hmits just mentioned, they should be properly appor- 
tioned among the several latitudes* and departures ; we 
shall thus obtain what are called tlie corrected latitudes 
and departures. The method of doing this will be given ■ 
in one of the following problems. 



PROBLEM I. 

e two-pole chains and links to four-pole chaint ' 
and links. 



1. If the number of chains is even, divide it by 2, ami j 
to the quotient annex the given number of links. 

2. If the number of chains is odd, divide by 2 as be- 
fore, for the chains; and for the 1 that is off, add 50 to 
the given number of links. 



4 



1. Id 16 two-pole chains and 37 Unks, how many foui» 
pole chains and links ? Ans. 8 ck. 37 links, or 8.37 ch, 

2. How many four-pole chams and Unks are there id 
«|^ 17 two-pole chains and 42 Hnks ? Ans. 8.92 ch. 

3. How many four-pole chains and links are there in 
22 two-pole chains and 7 links? Ans. 11.07 ch. 



* ia<ader 
called simply, latitude. 



of expreflsion, difibrence oriitiitide is frequently 



k 
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PROBLEM n. 

To reduce tvxhpole chains and links to perches and 

kmdredihso/a perch, ' ^ 



• k 



RULE. 

' 4 - 

Multiply the links by 4, for the huadredths,.. and the 
chains by 2, for the perches. If tlifisliandredths exceed : 

100, set down the excess, and add 1 to the perches. , i^' ' * 

• 

Note. — ^This rule supposes the two-pole chain to be di- 
.▼ided into 50 links. 

EXAMPLES. 

1. Reduce 17 two-pole chains and 21 links to peiches 
and hundredths. Ans. 34.84 per. 

2. ReOMce 15 two-pole chains and 38 links to perches 
and hundredths. Ans. 31.62 per. 

3. Reduce 57 two-pole chains and 49 links to perches 
and hundredths. Ans. 115.96 per. 

PROBLEM in. ^ iK 

To reduce square four-pole chains to acres. • « 

RULE. 

Divide by 10, and the quotient will be the acres. If 
there is a decimal in the quotient, multiply it by 4, for 
the roods; and the decimal of these by 40, for the 
perches. 



*. 
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EXAMPLES. 



1. Reduce 523.2791 >0quare chains to acres. 

10)523.2791 

52.32791 



rr 



1^1164 
40 



12.46560 Ans. 52 ac. 1 r. 12 p. 

2. Reduce 41.9682 square chains to acres. 

Ans. 4 oc. r. 31 /»•' 

3. Reduce 132.925 square chains to acres. 

Ans. 13 ac. 1 r. 6.8 p. 

PROBLEM IV. 

To reduce acres^ roods and perches to square:€Jmns. 

\ 

RULE. 

Divide the perches by 40 and prefix the roods ; divide 
the result by 4 and prefix the acres ; then this latter re- 
sult, multipUed by 10, will give the square chains. 

,V|. Or reduce the given quantity to perches and divide 

by 16. 

EXAMPLES. 

1 . Reduce 13 ac. 1 r. lOp. to square chains. 

40)10 

4)1.25 



13.3125 ^=133.125 sq. ch 
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2. Reduce 127 ac. 3r. 23/>. to square chaina. 

Ans. 1278.9375 sq. ch. 

3. Reduce 35 ac. r. 20 p. to square chains. 

.47JS. 351.2559. cA 

PROBLEM V. 

Tojiiid the bearing of a line. 

1. Let a stake of six or eight feet in lengtli be set up 
perpendicularly, at the far end of the Hue. Set up the 
compass staff perpendicularly, at the beginning of the 
line, and placing the compaHs on the staff, adjust it to 
a horizontal position ; the ball and eockct admitting a 
motion for that purpose. This position can be deter- 
mined with sufficient accuracy, by observing whether, 
when tlie compass is turned round, the ends of the 
needle remain at the same height above the face of the 
instrument. 

2. Turn the compass round so as to bring the south 
end of it towards the stake at the far end of the line- 
Then applying the eye to the sight at the north end, 
move the compass gently round till the stake can be 
seen through the fine slits in both sights, and let it re- 
main in this position, 

3. When the needle has settled, observe the number 
of degrees and parts of a degree, that are intercepted 
between the south end of the needle and the north or 
south point of the compass, to whichever it is nearest ; 
which will be the bearing, reckoning it from that point, 
towards the east if the south end of the needle is to the 
right hand, but towards the west if it is to the left hand. 

Note 1. — The bearing thus obtained may be, and 
should be, verified by going' to the far end of the line. 



and from thenco taking the bearing to the first end , 
which, if both bearings are correct will be the reverse 
of the former. 

JVoie 2, — ^When there is a fence on the side, or oth^ 
obstacle in the way, preventing the stake at one end 
firom being seen through the compass sights at the other 
end, the bearing may be obtained by setting up the 
compass and stake at small equal distances to the right 
or left, so that the line joining th^n may be paraOel to 
the side. 

Note 3. — ^The method of obtaining the bearii^ betwe^i 
two stations when there are obstacles in the way, which 
also prevent a parallel bearing being readily taken, or 
when the stations are too distant to be seen from each 

« 

other, will be noticed in the next chapter. 

PROBLEM VI. 

To measure the distance of a line. 

For convenience in marking the termination of the 
chain in measuring, ten iron pins should be provided, 
about a foot in length, and terminated at top by a small 
ring, to which a piece of red flannel or other conspicu- 
ous substance should be tied, in order that the pins may 
be readily found, when set up among high grass or in 
other situations where they would not otherwise ^be 
easily discovered. 

Let the person who is to go foremost in carrying the 
chain, take nine of the pins in his lefl hand, and one end 
of the chain and the other pin in his right hand ; then he 
moving on in the direction of the line, let another person 
take the other end of the chain and hold it at the begin- 
ning of the line. When the leader has moved on till the 
chain is stretched tights he must set down the pin, per- 
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pcndicutarly, exactly at the end of the chain, the hindoi 
chain-man taking care that tlie chain is in the direction 
of the line ; which is readily determined by observing 
whether it is in a range with a stiike previously set up 
at the far end of the line. When the leader has not his 
end of the chain in the direction of the line, the hinder 
chain-man can direct him which way to move, by a mo- 
tion of his left hand. When the distance of one chain 
or half chain* has been tlius determined, tlie carriers, 
taking hold of the two ends of the chain, move on till 
the hinder one comes to the pin which was set up by the 
otiier; then tlie chain being stretched, the person at the 
fore end of it sets up another pin as before ; the hinder 
chain-man then taking up the pin at his end, llicy proceed 
to a third distance of the chain ; and so on. When the 
person at the fore end of the chain has set up all his 
pins, he still moves on another length of the chain, 
and then setting his foot on it to keep it in place, he 
cries " out.'" The hinder chain man then comes forward, 
and counts to him the ten pins ; and he setting up one 
of them at the end of tlie cliain, again moves on, drag- 
ging the chain after him, till he is checked by the liindcr 
chain-man, who, getting the hind end of the cliain, apphes' 
it as before to the pm set up. The number of outs 
should be careftilly noticed ; each cm/ being ten chains, 
when a four-pole chain is used, but only five, when the 
measuring is done, witli a two-pole chain. When arri- 
ved at the end of the line, the number of pins, which the 
ooe at the fore end of the chain has set up since the last 
intt, and the number of links from tlie last pin to tlie end 
of the line, must be carefully noted. From these, and 



is uaed, one lenjrlh of it may properlf tw called 
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the number of outSj the distance measured is readily 
determined. 

An slant or inclined surfaces, as the sides of a hiU, 
should be measured horizontally, and not on the plane or 
surface of the hill. To effect this, the hind end of the 
chain, in ascending a hill, should be raised from the 
ground till it is on a level with the fore end, and, by 
means of a plummet and line, or when the hill is not very 
steep, by esthnation, should be held perpendicularly above 
the termination of the preceding chain. In descending 
a hill, the fore end of the chain should be raised in the 
same manner, and the plmnmet being suspended from it 
will show the commencement of the succeeding chain. 

PROBLEM Vn. 

To protract a Survey^ having the hearings and distances 

of the sides given. 

The method of doing this will be best understood by 
an example. Thus, 

Suppose the following field-notes to be given, it is re 

quired to protract the survey. 

Ch. 

1.N.50^ E. 9.60 

2. S. 32^ E. 16.38 

3. S. 41^ W. 6.30 

4. West 8.43 

5. N. 79^ W. 10.92 

6. N. 5^ E. 11.25 

7. S. 83^ E. 6.48 

Method 1st. 

Draw NS, Fig. 75, to represent a meridian line; then 
N standing for the north and S for the south, the east 
will be to the right hand and the west to the lefl. In 



NS take any convenient point as A for the place of be- 
ginning, and apply the straight edge of the protractor 
to the line, with the centre to the pomt A, and the arch 
turned towards the east, because the first bearing is 
easterly ; then holding the protractor in this position, 
prick off 50° the first bearing, from the nortli end. be- 
cause the bearing is from the north ; through this point 
and the point A, draw the hne AB on which lay 9.60 
chains, the first distance from A to B. Now apply the 
centre of the protractor to tlie fwint B, with the arch 
turned toward the east, because the second bearing is 
easterly, and move it tiU the line AB produced, cuts the 
first bearing 50°; the straight edge of the protractor will 
then be parallel to the meridian NS ; hold it in this po- 
sition, and from the south end prick off the second bear- 
ing 32°; draw BC and on it lay the second distance 
16.38 chains. Proceed in the same manner at each 
station, observing always, previous to pricking off the 
succeeding bearing, to have the arch of the protractor 
turned easterly or westerly according to that bearing, 
and to have its straight edge parallel to the meridian ; 
this last may always be done by applying the centre to 
the station point, and making the preceding distance line 
produced if necessary, cut the degrees of the preceding 
bearing. It may also be done by drawing a straight 
line through each station, parallel to the first meri- 
dian. 

When the survey is correct, and the protraction accu- 
rately performed, the end of the last distance will fall on 
the place of begirming. 

Method Sod. 

With the chord of 60° describe the cu-cle NESW, Fig. 
76, and draw the diameter NS. Take the several bear- 
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ings from the line of chords, and lay them off on the cir- 
cimifeTence from N or S according as the bearing is 
northerly or southerly, and towards E or W according 
as it is easterly or westerly, and number them 1, 2, 3, 4, 
&c. as4n the figure. From A the centre of the circle, to 1 
draw A 1, on which lay the first distance firom A to B ; 
parallel to A 2 draw BC, on which lay the jsecond dis* 
tance from B to C : parallel to A 3 draw CD, on which 
lay the third distance firom C to D ; proceed in the same 
manner with the other bearings and distances. 

EXAMPLE 2. 

The following field notes are given, to protract the 
survey. 

Ch. 

1. N. 15° OC E. 20 

2. N. 3r 30' E. 10 

3. East 7.50 

4. S. irOO" E. 12.50 

5. South 13.50 

6. West 10. 

7. S. 36° 30* W. 10. 

8. N.38'15'W. 8.50 

PROBLEM Vm. 

7%e Bearing of turn lines from the same station being giveti, 
to find the angle contained between them. 

■ RUI.E. 

When they run from the same point of the compass, 
towards the same point, subtract the less from the 
greater. 

When they run from the same point, towards different 
points, add them together. 
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WTien they run from different points, towards the 
same point, add them together, and take the mpplemeni 
of the sum. 

When they run from different points, towards d^eretit 
points, subtract the less from the greater, and take the 
supplement of the remainder. 

Note. — ^When the bearing of one of the lines is given 
towards the station, instead of from it, take the reverse 
bearing of such hne ; the angle may then be found by 
the above rule. 

BXAMFLB8. 

1. Given the bearing of the line AB, Fig. 67, N. 34° 
R, and AD, N. 58° £• ; required the angle A. 

AD, N. 58° E. 
AB, N. 34° E. 



Angle A=24° 

2. Given the bearing of BA, Fig. 57, S. 34° W., and 
BC, S. 35° E. ; required the angle B. Ans. B=69° 

3. Given the bearing of BC, Fig. 67, S. 35° E^ and 
CD, S. Sr W.; required the angle C. Ans. 58°. 

4. Given the bearing of DC, Fig. 67, N. 87° E., and 
DA, S. 58* W.; required the angle D. Ans. 151^ 
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PROBLEM IX. 

To change the bearings of the sides of a survey in a cor- 
responding manner, so t/tat any particular one of them 
may become a Jthridian, 

ROLE. 

Subtract the bearing of the side tliat is to be made a 
meridian, from tliose bearings that are between the same 
(Kjints that it is, and also from those that are between 
points directly opposite to them. If it is greater than 
either of the bearings from which it is to be subtracted, 
take the difference, and change E. to W., or W. to E. 

Add the bearing of the aide which is to be made a 
meridian, to those bearings which are neither between 
the same points that it is, nor between the points thai 
are directly opposite to them. If either of the sums ex- 
ceeds 90°, take the supplement and change N. to S., or 
S. to N.* 

Note. — When the bearings of some, or all, of the sides 
of a survey have been tlius changed, and by calculation 
the changed bearing of another side or line has been 



* The changing of tlio beuiogs so as to make a given side become a me- 
ridian, may be illustrated by meana of a protracted survey. If a protracted 
surveyor plot 13 held horizontally, with the meridian in a north and Bouth di- 
rection, the north end being tonards the north, the bcaringa of the sides of 
the plot will then correspond with the bearings of the aides of the aurvey. If 
Iheo, keeping the paper horizontal, it be turned round till any particular aide 
of the plot has n north and south direction, or becomea a meridian, the bear- 
inga of all the other aidea of the plot will have been changed by a like quan- 
tity. But it is evident, that neither the relation of the different parts of the 
plot to one another, the area nor the lengths of the sides will have been 
altered by this change. It maybe here obaerved, that some calculations in 
Burvcyingare considerably shortened by changing thehearioga BOBstomatp 
a certain side become a meridian. The method was communicated to me 
by Robert Palterion, lale Prnffimr of Mathematia and Nalural Philosophy 
m Ike VnivfrHly of Penmylvanta. 



iBt S. 45J' W. 

47 

92i 
180 



Chang, bear. N. 87i° W 

2d. N. 50' W. 

47 



chang. bear. N. 3" W. 

3d N.(f E. 

47 



buig. bear. N. 47 E. 

4th. N.SS'E. 

47 



132 
180 



chang. bear. S. 48 E. 

N 
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found, its true bearing will be obtained by applying to ';*' 
the changed bearing, the bearing of the side which was 
made a meridian, in a contrary manner to what is di- 
rected in the rule ; that is, by adding in the case in which 
the rule directs to subtract, and by subtracting in the 
case in which it directs to add« 

bxahplbs. 

1. Given the bearings of the sides of a survey as fol- 
low ; 1st S. 45i° W. ; 2d. N. 50^ W. , 3d. North ; 4tL 
N.85^E.; 5th. S.4rE.; 6th. S. 20i^ W. ; and7th.N. 
5W W. Required the changed bearings, so that the 
5th side may be a meridian. 



* - 



/ 



J 
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5th. side, changed bearing, Soilth, 



% 

9 



6th, S. 201° W. 
47 



»-•» 



Ik 



N 



chang. bear. S. 67i 

7th. N. 51° W. 

47 



^;^ chang bear. N. 4i W. 



2. Givw the following bearings of the sides of a sur- 
vey j Ist S. 40i° R I 2d. N. 54° E. ; 3d. N. 29i° E.; 4th. 
N. 28*° E.; 5th. N. 5T W.; and 6th. S. 4r W.j to find 
the changed bearings so that the 2d. side may be a me- 
ridian. Ans. 1st. N. 854° E.; 2d. North; 3d. N. 241° W. , 
4th. N. 25i° W. ; 5th. S. 69° W. ; 6th. S.TE. 

3. Given the bearings as in the Ist. example ; viz. Ist. 
S. 45i° W. } 2d. N. 5(y W. ; 3d. North ; 4th. N. 85° E. ; 
5th. S. 4r E. ; 6th. S. 20i° W ; 7th. N. 514° W. ; to find 
the changed bearings so that the 6th side may be a me- 
ridian, ^s. 1st. S. 25° W. ; 2d.N.70i°W.; 3d. N. 
201° W. ; 4th N. 644° E. ; 5th. S. 674° E. ; 6th. South j 
7th. N. 711° W. 

PROBLEM X. 

()f the bearing. Distance, Difference of Latitude and De- 
parture, any two being given, to find the other two, 

■RULE. 

When the bearing and distance are given. 

\b Rad. : cos. of bearing ; : distance : dif. of latitude. 
Rad. : sin. of bearing t : distance : departure. 



$\ 



« • 



* 



1. Given the bearing of a line, N. 53° 2(y EL, distance 
13.25 ch. ; to find the difference of latitude and the de- 
purtuie. Ans. 1M. lat 7.£(1 N. : dep. 10.63 E. 



•■ ' 






■% 
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-■ ^ -^ 

When the bearing and difference of latitude tare given. 

■ 
As Rad» : sec. of bearing : : diff. lat : distance. 4i[ 

Rad. : tang, of bearing : : diff. lat. : departure. ' -^ 

When the bearing and departwre are given^ 

As Rad. : cosec. of bearing : : departure : distance. 
Rad. : cotang. of bearing : : departure : diff. lat 

Whenthe difference of latitude and the departure are given. 



^<* 



As diff. lat : departure : : rad. : tang, of bearing. 

Rad. : sec. of bearing : : diff. lat. : distance. »!r 

When the distance and difference if latitude are given. 

As Diff. lat. : distance : : rad. : sec. of bearing. < 

Rad. : tang, of bearing : : diff. lat : departure. 

When the distance and departure are given. 

As Distance : departure : : rad. : sin. of bearing. 
Rad. : cos. of bearing : : distance : diff lat 

Note. — ^It is evident the above proportions are the solu- 
tions of a right-angled triangle, having for its ddes the 
distance, difference of latitude, and departure. '^ 



Ai' 



x» 
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2. Given the bearing of a line, S. 32° 30' E., and the 
departure 10.96 ch. to find the distance and difference 
of latitude. . Ana. Dist. 20.40 ch. ; diff. lat. 17.20 S. 



3. Given the distance of a Une, miming between the 
nortli and east, 44 ch. and its difference of latitude 34.43 
ch. ; to find the bearing and departure. 

Ans. Bearing, N. 38° 30' E. ; dep. 27.39 ch. E. 

4. The bearing of a hne S. 32° 30" E., and the differ- 
ence of latitude 17.21 ch. being given, to find the dis- 
tance and departure. Ajis. Dist. 20.41 ch.; dep. 10.96 E. 

5. Given the difference of latitude of a hne 27.92 N.» 
and the departure 5.32 E. ; to find the bearing and dis- 
tance. Ans. Bearing, N. 10° 47' E.; dist. 28.43. 

6. The distance of a line, running between the Dorth 
and west, is 35.35 ch., and its departure 15.08 ch^ re- 
quired the bearing and difference of latitude. 

Ans. Bearing N. 25" 15' W. ; diflT. lat. 31.97 N. 

PROBLEM XI. 

To find the diff'erence of iaiilude and departure correspond' 
ing to any given bearing and distance, by means ofiht 
TVoPerse Table, 



When the distance is any number of whole chains or 
perches, not exceeding 100, 

Find the given bearing at the top or bottom of the table, 
according as it is less or more than 45°. Then ogai&sfe 




7 . 
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the given distance, found in the column of distances at' 
the side of the table, and under or over the given bearing, 
is the difference of latitude and departure ; vtrhich must % 
be taken as marked at the top of the table, when the 
bearing is at the top; but as marked at the bottom, 
when the bearing is at the bottom. 

* 

When the distance is a number of whole chains or percfies^ 

exceeding 100. 

Separate the distance into parts that shall not exceed 
100 each ; and find, as before, the difference of latitude 
and departure, corresponding to the given bearing and 
to each of those parts ; the sums of these will be the dif- 
ference of latitude and departure required. 

When the distance is expressed by chains or perches and 

the decimal of a chain or perch. 

Find, as above, the difference of latitude and departure 
corresponding to the given bearing and to the whole 
chain or perches* Then considering the decimal part 
as a whole number, find the difference of latitude and de^ 
parture corresponding to it, and remove the decimal 
point in each of them, two figures to the left hand if there 
are two decimal figures in the distance, or one figure to 
the left if there is but one ; then these added to the 
former will give the differrace of latitude and departure 
required 

• 

Note. When the number of whole chains or perches 
is less than 10, and the second decimal figure is a cipher, 
the difference of latitude and departure may be taken 



it 

102 DDIENBIONB OF A SURTET. [OKAF* L 

the cipher, as a whole number. The difference of latir 
tude and departure thus found, must have the decimal 
point in each, removed one figure to the left hand. 



1. Given the bearing of a line S. 35i° E., difli^^ ch. ; 
required the difference of latitude and departure by the 
traverse table. Ans. Diff. lat. 64.51 S. ; dep. 45.59 E. 

2. A line bears N. 20i^ E., 117 ch. ; required the dif- 
ference of latitude and the departure. 

Dist. 100, gives diff. lat. 93.67 and dep. 35.02 
17 15.92 5.95 



Whole dist. 117 diff. lat 109.59 N. dep. 40.97 E. 

3. Required the difference of latitude and the de- 
parture of a line which bears, S. 4ir W., 57.36 ch. 

Dist. 57.00 gives diff. lat. 42.53 and dep. 37.96 
. 36 .27 .24 



Whole dist. 57.36 diff. lat. 42.80 S. dep. 38.20 W. 

4. Required the difference of latitude and departure 
of a line which bears, N. 72' W., 124.37 ch. 

Dist. 100.0 gives diff. lat. 30.90 and dep. 95.11 

24.00 7.42 22.83 

.37 .11 .35 



Whole dist. 124.37 diff. lat. 38.43 N. dep. 1 18.29 W. : , 



♦ 
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5. Given the bearing and distance of a line, N. 39i^ 
W. 15.20 cL, to find its difference of latitude and de- 
parture. Am. Diff. lat. 11.72 N., and dep. 9.67 W. 

6. The bearing and distance of a Une are N. 46^ EL, 
27.25 ch. ; required its difference of latitude and de- ^ 
I>artuM^ , Ans. Diff. lat. 18.93 N. and dep. 19.60 E. 

7. The bearing and distance of a liiie are S. 37^** W., 
137.50 ch. ; required its difference of latitude and de- 
parture. Ans. Diff. lat. 109.45 S., and dep. 83.23 W. 

8. Required the difference of latitude and departing 
of a line, whose bearing and distance are S. &h^ EL, 
5.60 ch. Ans. Diff. lat 5«56 S., and dep. 0.63 R 

PROBLEM Xn. 

Given the beatings and distances of all the sides of a tract 
of land to obtain the corrected latitudes and departures. 

RULB. 

\. Rule a table as in the annexed example, in the first 
vertical column of which, place the letters designating 
the sides, or the numbers denoting the stations at the be- 
ginning of each side ; in the second colunm, place the 
bearings ; and, in the third, the distances. 

2. Find, by the last problem, the difference of latitude 
and the departure, corresponding to each side, and place 
them in the next four columns, under their proper heads 
of N. or S., K or W. Add up the northings and south- 
ings ; and if the sums are not equal, find their difference ; 



«ii*. 
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which will be the error of tlie survey in difference of 
latitude ; which call by the same name as the Ica'sl sum. 
Proceed in the same manner with the eastings and west- 
ings, and find tho error in departure. Also add up the 
column of distances. Then it will be, 

As the sum of the distances, 
Is to any particular distance, 
So is the error in latitude or departure 
To the correction of latitude or departure, GOrrespcMKl- 
ing to that distance. 

3. Find, hy the above proportion, the corrections of 
latitude and departure corresponding to all the sides, 
calculating them to the nearest two decimal figures, and 
place them in the next two columns, heading them with 
the same names as the errors in latitude and departure. 
If the sums of these corrections, are not respectively 
equal to the errors in latitude and departure, which, in 
consequence of the fractions neglected, will sonietimea 
be the case, alter some of them by a unit in tlie second 
decimal figure, to make Ihem so. 

4. Apply these corrections to their corresponding dif- 
ferences of latitude and departures, by adding when of 
the same name, but by subtracting when of d'iffereni 
names, and the corrected differences of latitude and de- 
partures will be obtained ; which may be placed in the 
four succeeding columns. 

In these tlie sums of the northings and southings will 
be equal, and also those of the eastings and westings.* 



• The directions given in the rule, for correcting- the errors in difTdrenee 
of latitude and departure, are deduced from tlie rule given and dnmoniitrated 
in No- 4, of a periodical work, called Ihc Analyst, by Tiatlianiel BmBdiUh, 
A. M,, and niso by the editor. Professor Adrain. The demonBlratEun \a too 
ioHg.uidnotoTan&ture tor insertion twre. 
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Note 1. — ^In the proportion for finding the correction of 
the latitude or departure, the decimal parts of the sum 
of the distances and of the particular distance may be 
omitted, taking, in each case, dte nearest number of whole 
chains. 

% Hie corrections may be freqaently estimated with 
anfficient accuracy without the trouble of working out 
the proportioDs. 

3. 'When one or two of the sides are hilly, or when 
there are other difficulties in the way of obtaining tbeir 
bearing or distances with accuracy, it is better to allow 
a considerable part of the errors, on the latitudes and de- 
partures corresponding to them, and afterwards to ap- 
portion the remaining part among the others. 



1. Given the bearings and distances of the sides of a 
tract of land as follow : 1st. S. 40i° E. 31.80 ch. ; 2nd. 
N. 54° E. 2.08 ch.j 3rd,N.29i°E. 2.21 ch.; 4th. N. 
28r E. 35.35 ch. ; 5th. N. ST W. 21.10 ch.; 6th. S. 4r 
W. 31.30 ch. Required the corrected differences of 
latitude and departures. 



SUu 


Coars«. 


Dili. 
Ch. 


N.L 


S.L. 


E.D 


W.D. 


Cor 
S. 


Cor 

B. 

.06 
.00 

.00 
.05 


N. L-ja L. [e. D 


WJ). 


8. 40} B. 


31.80 




24.19jS0.65 




03 


|24.21 20.70 




N. 54 E. 


a.09 


1.33 




1.68 




00 


1.33 { j 1.68 




3 


N. asi E. 


3.51 


1.92 




l.OS 




oo 


1.92 1.08 




* 


N.asiE. 


a.'i.as 


31.00 




17.00 




04 


30.96 1 17.05 




b 


N. 57W. 


21.10 


11.40 






17.69 


03 


.03 


11.47 


1 


17.66 


' 


8.47. W. 


31.30 




31.34 




33.88 


03 


04 




.,.„! 


22.85 


1 




133.84 


15.64 
45.52 


46.63 


40.41 


40.58 
40.41 


13 


IT 


45.58 


45.5e|40.5I 


40.B1 
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Aa 124 : 32 :: .12 : .08 As 124 : 82 : : .17 : .04 or jOS* 

124 : 2 :: .12 : .00 124 : 2 : : .17 : .00 

24 : 35 :: .12 : .03or.0< 124 : 85 : : .17 : .05 

124 : 21 : : .12 : .08 124 : 21 : : .17 : .08 

124 : 81 :: .12 :<j08 JSi : 21 :: .17 : M 

2. Given the bearings and distances of the sides of a 
tract of land as follow : Ist N. 75"* £L 13.70 ch. ; 2d. 
N. 2(H £. 10.30 ch. ; 3d. East 16.20 ch. ; 4th. S. 33^° 
W. 35.30 ch. ; 5th. S. 76 W. 16 ch. j 6th. North 9 ch. ; 
7th. S. 84° W. 11.60 ch.; 8th. N. 53i° W. 11.60 ch. ; 
9th. N. 361° E. 19.36 ch.; 10th. N. 22i° R 14 ch. ; 11th. 
S. 76i° R 12 ch. ; 12th. S. 15° W. 10.85 ch. ; 13th. S. 
18° W. 10.62 ch. ; to the place of beginning. Required 
the corrected latitudes and departures. 

Ans. 1st. 3.56 N. 13.26 R ; 2d. 9.66 N. 3.62 R ; 

3d. 0.02 N. 16.22 R ; 4th. 29.39 S. 19.44 

W.; 5th. 3.85 S. 15.50 W. ; 6th. 9.01 N. 

0.01 R ; 7th. 1.19 S. 11.52 W. ; 8th. 6.96 

N. 9.27 W. ; 9th. 15.54 N. 11.61 R ; 10th. 

12.95 N. 5.38 R ; 11th. 2.73 S. 11.70 R ; 

12th. 10.46 S. 2.80 W.; 13th, 10.08 S. 

3.27 W. 



* When, as in this case, the correction is found to be nearly midway be- 
tween two numbers, it is. best to note them both. Then, if in using the one 
that is nearest to the true value, the sum of the corrections does not equal 
the whole error, the other should be taken. 
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CHAPTER a 

On mpplying omissions in the dimensions of a survey. 

When the bearings and distances of all the sides of a 
survey are kno\ni, except one bearing and one distance, 
or two bearings, or two distances, these can be obtained 
by calculation, provided those that are known can be ^ 

depended on, as sufficiently accurate. This may some- 
times be necessary when diere are obstacles in the way 
of obtaining one or two of the bearings or distances ; or 
when, after they have all been taken on the ground, the 
notes of one or two of them happen to be obUterated. 
As, however a bearing, or distance thus obtained, must t^ 

be affected by any error or errors that may have been 
made in taking the others, it is better, when practicable, 
to have the bearings and distances of all the sides, as 
taken on the ground. 

PROBLEM I. 

The bearings and distances of all the sides of a trad of 
landy except the bearing and distance of one side^ being 
giveny to find these. 

RULB. 

Find by prob. 11, of the preceding chapter, the differ- 
ences of latitude and the departures for the sides whose 
bearings and distances are given, and place them in 
their proper columns in a table ruled for the purpose : 
Add up the northings and southings, and taking tlio diP> 
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ference of their sums, place it opposite tKe unknown 
side, in the column whose sum is the least. The sums 
of the two columns will then be equal. This is called 
balancing the latitudes. Do the same witli the eastings 
and westings. The two numbers inserted to make the 
latitudes and the departures balance, wiD be the differ- 
ence of latitude and the departure of the unknown side; 
with which its bearing and distance may be found, by 
prob. 10, of the preceding chapter. 

Note 1. — ^By the application of this rule, the bearing 
and distance of a line joining two comers or stations, 
may be found, when there are obstacles in the way which 
prevent our going directly from one comer to the other, 
or when one cannot be seen from the other. To do this, 
let one or two, or more stations, if necessary, be taken 
out of the line, and take the bearing and distance from 
the first comer to tlie first assumed station ; from this 
station to the second ; and so on, to the second comer. 
Then considering these bearings and distances, as the 
bearings and distances of the sides of a survey, the re- 
quired bearing and distance of the hue may be found by 
the above rule. The bearing thus found must be rewrs- 
td, in order to have the bearing from the ^rst corner to 
the aecond 

2. In the same way the bcarmg and distance of a 
straight road to run between two given places, may be 
found, by taking the several bearings and distances of 
the old road if there is one ; or of lines joining assumed 
stations and extending from one of the places to tlie other. 



I. The bearings and distances of the side of a tract of 
land, except the bearing and distance of one side which 
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are not known, are as in the following field-notes ; re 
quired the unknown bearing and distance. 



Chaiii& 

1. S. 45°i W. 15.16 

2. N. 50° W. 22.10 

3. North 18.83 

4. N. 85' E. 35.65 



Chaina 

5. 

6. S. 201 W°. 23.80 

7. N. 51i W. 26.47 



8ta. 
1 

2 
3 
4 
5 
6 
7 


Bearings. 


Dirt. 


N. 


s. 


E. 


• w. i 

1 


S. 45i W. 


15.16 




10.62 




10.81 


N. 50 W. 


22.10 


14.20 






16.93 


North 


18.83 


18.83 








N. 85 E. 


35.65 


3.11 




35.52 










(19.79) 


(21.20) 




S. 20i W. 


23.80 




22.29 




8.33 


N. 5U W. 


26.47 


16.56 






20.65 


rf 




52.70 


52.70 


56.72 


56.72 



As diff. of lat. 19.79 S. Ar. Co. 8.70355 
: dep. 21.20 E. - - - 1.32674 
::rad. 10.00000 



: tang. bear. S. 47* R 



- 10.03029 



Asrad. - - - - 
: sec. bearing 47° - 
: • diff. lat 19.79 



10.00000 

10.16622 

1.29645 



: dist. - - 29.02 - - - - 1.46267 

^ln«.S. 47' E. 29.02 ch. 
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2. Given the bearings and distances of the sides of a 
tract of land, as follow: 1st. N. 15S W. 9.40 ch.; 2dN. 
631 E. 10.43 ch. ; 3d. S. 49= E. 8.12 ch. ; 4th. S. 13i E. 
8.45 ch. ; 5th. S. 1 63 E. 6.44 ch. ; 6tli. Unknown ; 7th. N. 
60° W. 9.72 ch.; 8th. N. 17i E. 7.65 ch.; required the 
bearing and distance of the 6th. side. 

Jirts. S. 60=8' W. 12.27 ch. 

3. One side of a tract of land of which a survey is to 
be taken, passes through a pond. Two stations are 
therefore taken on one side of the pond as represented 
in Fig. 80. The bearings and distances from the first 
end of the side to the first station, from that to the second, 
and thence to the other end of the side are; 1st. S. 
52° W. 10.70 ch. ; 2d. S. 7i= W. 13.92 ch. ; and 3d. S. 
34i E. 9 ch. Required the bearing and distance of the 
side. Ans. S. 10° 33' W. 28.31 ch. 

4. Given the bearings aod distances of an old road, 
running between two placet^, as follow; 1st. S. 10° E. 
92.20 ch.; 2d. S. 15° W. 120.50 ch. ; 3d. S. 181 W. 
205. ch. ; 4th. S. 714 E. 68 ch. Required tlie bearing 
and distance of a straight Eoad, that shall connect the 
two places. Ans. S. 2° 8' W. 423.47 ch. 

PROBLEM II. 

Given all the hearings and dislanccs of the sides of a sur- 
vey/, except tlie dislanccs of two sides, to find these. 

RULB. 

By prob. 9, of the preceding chapter, change all the 
given bearings, in a corresponding manner, so that one 
of the sides whose bearings only are given, may become 
a meridian. With the changed bearings and given dis- 
tances find the corresponding differences of latitude, and 
the departures. Add up the eastings and westings, 
and take the dtSerence of their sums, which will be the 
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departure of that unknown side, which is not made a me- 
ridian. With this departure and the changed bearing, 
find by prob. 10, of the preceding chapter, the distance 
and difference of latitude of this side, which place in 
their proper columns. Now add up the northings and 
southings, and take their difference, which will be the 
distance of the side made a meridian.* 



.ii « 






EXAMPLES. 



Given the following bearings and distances of the 
sides of a survey ; Ist. S. 45i W. 15.16 ch. ; 2d. N. 50^ 
W. 22.10 ch.5 3d. North 18.83 ch. ; 4th. N. 85^ E. 35.65 
eh.; 5th. S. 4T E. dist. unknown; 6th. S. 20i W. dist. 
unknown j 7th. N. 5U W. 26.47 ch. to the place of be- 
ginning. Required the unknown distances. 



Sta. 

1 


Bearingi. 


CbmngMl 
bearinft. 


Dist. 


N. 


8. 


B. 


w. 


a 46^0 W.* 


N. 87^0 W. 


15.16 


0.66 






15.15 


2 

a 

4 
5 
6 

7 


N. 50 W. 


N.8W. 


22.10 


22.07 






1 1.16 


North 


N.47E. 


lasd 


12.85 




13.77 


*"» 


N. 85|l 


S.48K 


85.65 




23.85 


26.49 


S. 47 E. 


South 


(29.02) 




(29.02) 






S.20JW. 


S. 674 W. 


(23.80) 




(9.11) 




(2L99) 


N. 51J W. 


N. 4i W. 26.47 


2a40 






1.96 








61.96 


61.98 


40.26. 


40.26 

• 



•I 



* The reason of the rule is obvious. For as the side made a meridian has 
no departure, the difference of the sums of the departures, must be the de- 
parture of the other unknown side. And when the difference of latitude of 
this side has been found and placed in its proper situation, the difference of 
the sums of the latitudes must evidently be the difference of latitude of the 
tide made a meridian ; or which, in this case, is the same thing, its distance. 



A 
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Asrad. 10.00000 

: cosec. chang. bearing 67i° - - 10.03438 
: : dep. 21.99 1.34223 

: Dist. 6th side - - 23.80 - 1.37661 

Asrad. 10.00000 

: cotang. chang. bearing 67i - - 9.61722 
: : dep. ----- 21-99 - 1.34223 

: diff. lat. 6th. side - - 9.11 - 0.95945 
Ans. 5th. side 29.02 ch. and 6th. side 23.^0 ch. 

2. Given the bearings and distances of a tract of land 
SB follow : 1st. S. 40i E. 31.80 ch. ; 2d. N. 54^ E. dist 
unknown ; 3d. N. 29* E. 2.21 ch. ; 4th. N. 285> R 35.35 
ch. ; 5th. N. 57^ W. dist unknown ; 6th. S. 47^ W. 31.30 
ch. ; to the place of beginning. Required the distances 
of the 2d. and 5th. sides. 

Ans. 2d. side. 2.08 ch. and 5th. side 20.90 ch. 

PROBLEM m. 

Criven the bearings and distances of oil the sides of a sur 
vey except two ; one of which has only its bearing given^ 
and the other ^ the distance and the points of the compass 
between which it runs ; to find the unknown bearing and 
distance. 

RULE. 

As in the last problem, change all the given bearings, 
so that the side whose bearing only is given, may be- 
come a meridian. Find the differences of latitude and 
the departures, corresponding to the changed bearings 
and the given distances. Take the difference of the 
sums of the eastings and westings, which will be the de-' 
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parture of the side whose bearing is not given. With 
the given distance and this departure, find by chap. 1. 
prob. 10. the changed bearing and difierence of latitude, 
and place them in their proper columns. From the 
changed bearing, the true bearing may be readily found ^ 

by note to prob. 9. chap. 1. Lastly, take the difierence 
of the sums of the northings and southings, and it will 
be the distance of the side, changed to a meridian. 

Note. — ^The changed bearing as found by the rule, 
must be reckoned from the norths or the south point of 
the compass, according as the one, or the other, will ren- 
der the true bearing when found from it, conformable to 
the given points. The point from which the changed 
bearing must be reckoned determi^s also the column in 
which the difference of latitude must be placed. Some- 
times the changed bearing when reckoned from either 
north or south, will render the true bearing conformable 
to the given points. In such cases, there are two differ- 
ent bearings and distances that will answer the condi- 
tions of the problem ; and we can only know which of 
them is the right one by previously knowing the required 
bearing nearly. 

BXABIPLBS. 

I. Given the bearings and distances of a survey as fol- 
low : 1st. S. unknoum W. 15.16 ch. ; 2d. N. 50^ W- 
22.10 ch. ; 3d. N. 18.83 ch. ; 4th. N. 85^ K 35.65 ch. ; 
5th. S. 4T E. 29.02 ch.; 6th. S. 20| W. dist. unknown , 
7th. N. 51^'' W. 26.47 ch. Required the unknown bear- 
ing and distance. <^ 
10* P 
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[chap. n. 



Sta. 
1 


Bearingi. 


bcariiigt. f* Dut. 


N. 8. 


£. 


W. 


a (450 360 W. 


(a26o6'W.) 15.16 




ia73 




(6.43) 


2 
8 
4 
5 
6 
7 


N. 60 W. 


N.TOJW. 


22.10 


7.37 






2a88 


North 


N.20iW. 


ia83 


17.64 






OM 


N. 85E. 


N.64iE. 


35.65 


15.35 




32.18 




a 47 E. 


a67iE. 


29.02 




11.11 


26.81 




a20iW. 


Sooth 


(2a81) 




(23^1) 






N. 51J W. 


N. 711 W. 


26.47 


8.29 






25.14 










48.65 


48.65 


UO.«7<l 


saoo 



As dist. 1st. sidl^ 15.16 
: dep. do, 6,43 

: : rad* - - - . - 



An Co. 8.81930 

0.80821 

- - 10.00000 



: sin. chan. bear. 25*" e* - - - 9.62751 



As rad. -- 

: COS. chang. bearing 25® 6' - 
: : dist. 15.16 - 



- 10.00000 
. 9.95692 

- 1.18070 






diff. lat. - - - - 13.73 - - 1.13762 
Ans. Ist. S. 45° 36' W. ; 6th. 23. 81 ch. 



2. Given the following bearings and distances of a 
suirey : 1st. S. 40i° E. 31.80 ch. ; 2d. N. 54° E. dist 
unknown 3rd. N. 29i° E. 2.21 ch. ; 4th. N. unknoum E. 
35.35 ch.; 5th. N. 57° W. 20.90 ch.; 6th. S. 47° W. 
31.30 ch. ; to place of beginning. Required the bearing 
oi the 4th. side and distance of the 2d. side. 

Ans, Bearing of 4th. side N. 281° E . ; dist of 2d. 
side, 2.09 ch. 
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PROBLEM IV. 

Owen att the bearings and distances cf the sides rf a ir^ 
tif hmd^ excqpt, the hearings of two sides^ to find these ^ 

hearings* 

EULB. 

1. Find the difference of latitude and the departure ot 
each side, whose bearing and distance are both given. 
Take the difference of the sums of the northings and 
southings of these sides, and also the difference oi the 
sums of the eastings and westings. These differences 
win be the difference of latitude aid the departure 

diPfm 



line, which, with those sides, would fffm a closing survey; 
and which may therefore be called a closing line. 

2. With the difference of latitude and d^Murture of 
the closing line, find, by prob. 10. chap. 1, its bearing and 
distance. Take the closing line and tibe two sides whose 
bearings are not given, for the three sides of a triangle, 
and calculate the angles. 

3. To the bearing of the closing line, apply, by addi- 
tipn or subtraction, as the case may require, fhe angle 
contained between it, and the side which is the one 
coming first iu'the order of the survey ; and it will givA 
the bearing of that side. Then to the reverse bearing 
oi that side,^apply in a proper manner, the angle con- 
tained between the two sides which are sides of the sur- 
vey, and it will give the bearing of the second of thoee* 
sides.* 



* It 18 eesy to see thereeion of the role, bj ooondering that the two lidfli 
whow bearingi ire not finau being made to fixm with the ckeiiig Une^ the 
8. 



>•• 
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1.* Given the beaiings and distances of the sides of 8 
tnict of land as foflow : Ist S. ttrtlnoion W. 15.16 ch. ; 
HA. N. X/f W. 22.10CL ; 8d. North 1&83 ch. ; 4tk N. 
85° R 35.65 ch. ; 5th. S. unknoum E. 29.02 ch. ; 6di S. 
2Ci° W. 23.80 ch. j and 7th. N. 51i W. 2647. ch. Re- 
quired the unknown bearings. 



flta. 
1 


BearingB. 


Dirt. 


». 


& 


B. 


w. 


s. w. 


15.16 


• * 


• 




2 
3 


N. 50" W. 


22.10 


14J20 






16.93 


North 


18.83 


18.83 








4 


N.85E. 


35.65 


3.11 




35.52 




5 


S. E. 


2dJQl2 




- 




. 


6 


S.20iW. 


23.80 




22J29 




8.33 


7 


N. 51* W. 


26.47 


16.56 






20.65 








52.70 


22.29 


35.52 


45.91 



* « 






22J29 
3041 S. 



35.52 
10J9 E. 



•.■ 



« iidfls of a triangle, the sum or difference of their di&rencea of latitude, wUl 
neoeanurfly be eqaal to the difference of latitude of the donng line ; and that, 
fSbf& mb r^t their differences of latitude wHl be luch as to make the smnatf 

', « -tha northings and aoQthinga of tiie whole iuvey equal; and the tame ftf the 
departures. 



5 
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Asdifillat, - - - 3041 S. Ar. Co. 8.51698 

: dep. - - - - 10J39E. 1.01662 

: : tad. -- ---- 10.00000 



: tang, of beair. of dos. line, S. 18° 52* 9.53360 

Asrad. - - . . . 10.00000 

: diff.lat 3041 - . 1.48302 

:: sec. of bear, of clos. line - 18°52' - 10.02398 



: dist of doa. line - - - 32.14 1.50700 

Let DE, Fig. 78, represent the dosing line, DF, the 

Ist side of the survey, and FE, the 5th. side. Then, 

DE 32.14 

DF 15.16 At. Co. 8.81930 



m:m:a ««7*v<« 






2)76.32 


» 


Half sum 38.16 


44' 


log. 1.58161 


Remainder 6.02 


— 0.77960 


Cos. iF43' 


2)19.71781 


F87 


28 


9.85890 - 


AsDE 32.14 




Ar.Co. 849295 


: FE 29^ 




146270 > 


::«iii.F^ enr2& .... 




9.99958 


ain. D 64* 2ff 


9.95523 


DE, S. 18** 52r R 




FD, N. 45* 34' E. 


Apg^D 64 26 




AngleF 87 28 


Utiid^&45 34 W. 




183 2 


■ 




180 00 



Sdi. aide, S. 46 58 E. 



f 
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2« GiTen the bearings and distances of the 'sides of a 
tract of land as follow : 1st S. unknown E. 31.80 ch. ; 
2d. N. 54° E. 2.08 ch. ; 3d. N. 29^ E. 2J21 ch. 4th. N. 
28r E. 35.35 ch. ; 5th. N. ST W. 20.90 ch. ; and 6th. S. 
unknown W. 31.30 ch. to the place of beginning. Re- 
qqired the unknown bearings. 

Ans. Ist. S. 40° 29^ E. ; and 6th. S. 4r W. 



CHAPTER in. 
Problems for Jinding the Cofntent of Land. 

When the sides of a survey are right lines, and aU the 
bearings and distances are given, the area may be found 
by a problem that will be given in this chapter. If one 
or two of the bearings or distances are not kndwn, they 
may be found by the problems in the last chapter. Al« 
though the problem alluded to, is general, and may be 
apphed whatever number of sides there may be^yet there 
are some particular rules for finding the areas of trian- 
gles and quadrilaterals, which are often usefiii. These, 
and also rules for finding the areas of circles and ellipses 
are given in the first part of the chapter. 

When a part of the boundary of a tract of land, is 
%• ^ irregular, as is frequently the case, if one or niore of the 

sides are bounded by water, it is sometimes veiy trouble- 
some to taJke all the bearings and distances i^uisite to 
obtain the area with accuracy. In these cases, it is 
usual to run one or more straight lines, called sto/tonary 
' lines, near to such boundary, and so as to connect the 
straight sides of the survey. . Ip measmripg th^e sta- 
tionary lines, perpendicular distances are measured firom 
them, to each bend in the irregular boundary. These 
perpendicular distanced are called cff-sets. Tlie lengths 
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of the off-sets, and the distance of the foot of each, from 
the commencement of the stationary Une, should be care- 
fully noted in (he field book ; observing also that such a 
number of off-sets should be taken, that the part of the 
irregular boundary intercepted between each adjacent 
two, may, withoutmaterial error, be considered a straight 
line.. From these notes, the area or areas of the land 
contained between the stationary line or lines, and the 
irr^ular boundary, may readily be calculated. This 
area added to the aiea enclosed by the stationary lines, 
and straight sides of the survey, when they are on the 
outside of the stationary lines, or subtracted from it, 
when on the inside, will give the area of the survey. 

In those cases in which water is a boundary of a 
tract of land, if that water is a brook or rivulet, it is 
usual to consider a line running through its middle as 
the true boundary; and the off-sets must be measured 
accordingly. When tide water is the boundary, the 
land is considered as extending to the line of low 
vxUer mark. 

If the bearings of all the comers of a tract of land 
from two stations, taken either within or out of the tract 
are given, and also the bearing and distance of these 
stations from each other, the area may be calculated. 
It is however necessary, that the two stations should be 
so taken that they shall not be in a straight line, or veiy 
nearly in a straight line, with either of the comers of the 
land. This method of obtaining the area, though not 
practically so accurate as where the bearings and dis- 
tances of the sides are correctly given, may sometimes 
lie found usefid. 

Some surveyors, in order to calcula,te the area of a 
survey^ first protract it ; then dividing the plot into tri- 



120 OORTBIfT <NP LAND. [cttAP. fli. 

angle? and trapezioms by lines joining opposite cornerst 
they measure with the scale aftd dividers, the lengths of 
such lines and perpendiculars as are requisite for calcti- 
lating the areas of these. The sum of the areas thus 
obtained, is the area x^ the survey. When the survey 
is carefully protracted, and proper attention is given to 
take the measures with the utmost precision, this method 
serves to give a nekr value of the content ; but is by 
iK> means to be depencted on as equalfy accurate widi 
the general problems m^titioned above. 

The area of a field or small tract of land, the ccmiers 
of which can be seen from one another, may readily be 
found by means of the chain only. To do this, the lengths 
of the sides must be measured, and also the length of 
diagonals joining opposite comers, so as to divide the 
field into triangles. Or instead of the diagonals, the dis- 
tances from Bome assumed point within the field, to the 
several comers, may be used. Having then all the sides 
of the seveml tiriangles, the area of each may be found ; 
and the sum of these areas will be the area of die tract. 

PROBLEM L 

To find the area of a Parallelogram^ whether it be a Sguare^ 
a Rectangle J a Rhombus^ or a Rhomboides. 

RULB. 

Multiply the length by the height or perpmdicular 
breadth, and the product will be the area.* 



* DsiioirarrRATiON. Let ABCD (Fig. 68) be a rectangle ; and let its length 
AB and CD, and its breadth AD and BC, be each divided into as many equal 
partfl^ as are expressed by the number of times they contain the lineal mea- 
sttrbig unit ; and let all tb^ opposite points of dirieion be connected by nghf 



4^ 
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Note. — ^Because th(9 Iragth of a square is equal to 
its height, its area will le found by multiplying the side 
by itself. 

BXAKPUBB. 

1. Required the area of a square field, a side of which 
miiasur^ 7.2d four-pole chains. 

7.S»€h. 
7J29 



«561 
1458 
5103 



10)53:1441 Are&5 A. 1 R. 10 P 

5.31441 
4 



1.25764 
40 

10.30560 



2. Required the area of a rectangular field whose 
length is 13.75 chains, and breadth 9.5 chains. 



lines. Then, it is evident that theeotline»4i?ade the rectangle mto a num- 
ber of eqaarea^ each eqpal^to the superficial measuring nnit ; and that the 
number of these squares is equal to the number of lineal measuring umti in 
the length, bb often: repeated as there are lineal measuring units in th# 
hwitJi, or heig^;^ thsft isb equal to tiie length multiplied by the breadth. 
But the area is equal to theiBumber of.squarea or superficial measuring units ; 
and therefiire the area of a rectangle is equal to the product of the length 
andbnadth. 

Again, a rectangle is equal to any oblique parallelogram of an equal length 
and perpenditmllff heigiit (90L1;} thereftra the area of owy pandlelogiaBi 
is e^ to the pKod«t«f it»ks^ani WgkL 

a 
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13.7&£h. 



6875 
12375 



10)130.625 Area 13 A. OR. 10 P. 

13.0625 
4 



42500 
40 

10.0000 

3. Required the area of a field, in the form of a rhom- 
boides, whose length AB is 42.5 perehes, and peipen- 
breadth CD is 32 perehes. Fig. 15. 

42.5 P. 
32 



850 
1275 



4|0)136|0i) 
4)34* 

8A.2R. 

4. What is the area of a square tract of land whose 
side measures 176.4 perches? Ans. 194 A. IR. 36.96 P. 

5. What is the area of a rectangular plantation whose 
length is 52.25 chains, and breadth 38.24 chains ? 

Ans. 199 A. 3 R. 8.6 P. 

6. The length of a field, in the form of a rhombus, 
measures 16.54 chains, and the perpendicular breadth 
12.37 chains : required the area. Ans. 20 A. 1 R. 33.6 P. 
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7. Required the area^f a field in the form of a rhom- 
boidesy whose length iallLje chains, and perp^dicular 
breadth 11.32 chains. An8.S3A. 3R. 32.5 P. 

PROBLEM n. 

Thjind the area of a triangle when the base and perpen- 

Ocular height are given. 

KVLB. 

Multiply the base by the perpendicular height, and 
half the product will be the area.* 

BXAMFLBS. 

1. The base AB of a fnangular piece of ground, 
measures 12^8 chains, and the perpaidicular CD 6.78 
chains ; required the area. Fig. 49. 

12.38 Ch. 
6.78 



9904 
8666 
7428 

2)83.9364 

10)41.9682 Area, 4 A. OR. 31 P. 

4.19682 
4 



.78728 
40 

31.49120 



* Dmnimnunoii. A triangle it half a parallelogram of the aaine bear 
and altitode, (41.1) and therefore the troth of the rale is evident 
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2. Required the area of a triangular field, one side of 
iniiich measures 18.37 chains, ami the distance fix>m diis 
side to the opposite angle, 13.44 chains. 

Ana. 12 A. IR. 15P. 

3. What is the area of a triangle whose base is 49 
perches and height 34 perches? Ans. 5 A. OR. 33P: 

PROBLEM m. 

To find the area of a triangle when two sides and their 

included angle are given. 

BULB. 

As radius, 

Is to the sine of the included angle; 
So is the rectangle of the given sides. 
To double the area.* 



1. In a triangular lot of ground ABC, the side AB 
measures 64 perches, the side AC 40.5 perches, and 
their contained angle CAB 30^: required the area. 
Fig.49. 



* Dbm omnuATioii. In the triaiigle ABC» Fig. 48, let AB and AC be the 
given sides, including the given angle A, and let CD be perpendicolar on AR 
Then by trig. rad. : sin. A : : AC : CD;but (cor. 1.6) AC : CD :: ACxAB : 
CDx AB; therefore (11.5) rad. : sin. A : : ACxAB : CDx AB; bat CDx 
AB is equal to twice the area of the triangle : hence the tmth of the rule is 
evident 
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As radius 10.00000 

Is to sin. A, 30^' 9.69897 

13.11261 



To double the area 1296 perches 3.11261 

4|0)64|8 
4)16 8 

4A. OR. 8P- 

2. What is the area of a triangle, two sides of which 
measure 15.36 chains and 11.46 chains respectively, and 
theu* included angle 47^ 30^? Ans. 6 A. 1 R. 38P. 

3. One side of a triangular field bears N. 12"^ K dis- 
tance 18.23 chains, and at the same station the other ad- 
jacent side bears N. 78^ 30^ EL distance 13.84 chains : 
required the area. Ans. 11 A. 2R. IIP. 

4. Required the area of a triangular piece of ground, 
one side of which bears N. 82° 30^ W. dist. 19.74 chains, 
and at the same station the other adjacent side S. 24"" 15' 
E. dist. 17.34 chains. Ans. 14 A. 2 R. 8 P. 

PROBLEM IV. 

To find the area of a triangle when one side and the two 

adjacent angles are given. 

UVLR. 

Subtract the sum of the two given angles from 180^; 

the remainder will be the angle opposite the given side* 

Then, 
11* 
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As the rectangle of i^dius and the sine of the angle 
opposite the given side, 
'^^IS to the rectangle of the sines of the other angles, 
So is the square of the given side, 
To double the area.* 



BXAMPLBS. 



rad. 


At. Co. 0.00000 


sin. C. 70' 


At. Co. 0.02701 


sin. A. 60° 


9.93753 


sin. B. 50** 


9.88425 


AB76 


1.88081 


AB76 


1.88081 



1. In a triangular field ABC, the side AB measures 
76 perches, the angle A 60^ and the angle B 50**: re- 
quired the area. Fig. 47. 

The angle ACB=:180** — the sum of the angles A 
and B,=70^ 

As rad. x sin. C, 
: Bin. Ax sin. B, 
::AB3=ABxAB, 

: double area in perches 4078 3.61041 

40)2039 
4)50 39 

12 A. 2R. 39 P. 



* BmoNSTRATioir. Let AB, Fig. 49, be the given side of the triangle 

ABC, and A and B the given angles ; also let CD be perpendicular on AB : 

Then by trig. 

sin. ACB : sin. K : : AB : AC 

rad. : sin. A : : AC : CD. 

Therefbie (2a6) rad.X8in. ACB: sin Axsin. B:: ABxAC : CDxAC :: 

(Cor. 1.6) AB : CD : : AB^ : ABx CD ; but ABx CD is equal to double the 

area of the triangle ABC ; therefore (11.5) rad. X sin. ACB : sin. A x sia B : : 

A^ : double the area of the triangle ABC. 






P^ 
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2. One side of a triangle measures 24.32 chains, and 
the adjac^Qt angles are 63^ and 74'' : required the sjptt^ 

Ans.STA. OR. 221^. 

3. What is the area of a triangular field, one side of 
which is 17.36 chains, and the adjacent angles 37^ 3(y, 
and 48^ 19'? Ans.6A. 3R. 18 P. 

PROBLEM V. 

To find the area of a triangle when the three sides are given. 

ftULB* 

From bsif the sum of the three sides subtract each 
side severally ; multiply the half sum and the three re- 
mainders continually together, and the square root of 
the last product will be the area.* 



* DnoiornuTioN. Let ABC, Fig. 60, be the triangle. Bisect any two 
of the angles, BAG, ABC, by the straight lines AG, BG, meeting in G; let 
fall on the three sides of the triangle, the perpendicolars GD, GF, GE, and 
join GC ; also produce AB, AC, and bisect one of the exterior angles, HBC, 
by the line BK, meeting AG* produced in K, join KC, and let fall the perpen- 
dicolars KH, KM, and KL. Then (26.1) AD is equal to A£ and DG to GE; 
also BD is equsl to BF, and DG to GF; hence GF and GE are equal, and 
tonsequently (47.1) CF is equal to CR In lllce manner it may be proved 
that All is equal to AL, BH to BM, and CM to CL; as likewise that KH, 
KBf, and KL are equal to each other. Now since BH is equal to BM and CL 
to CM, it is manifest that AH and AL together, are equal to the sum of the 
three sides AB, AC, and BC ; hence AH or AL is equal to the semiperimeter 
of the triangle ABC. But since twice AD, twice BD, and twice CF are, to- 
gether, equal to the sum of the sides of the triangle, or twice AH, it is ob- 



* The angle BAC is Ims than the angle HBC (16.1 ;) conieqpently BAG Is 
less than HBK, and BAG, KBA, are together leas than HBK, KBA ; bat HBK, 
KBA, are together equal to two right angles ; hence BAG, KBA, are less than 
two right angles; therefore (oor. 89.1) the tine BK wiU BMStthe line AG |m^ 
4iieed. 






A 
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1. Required the area of a triangular tract of land, 
whoee three sides are 49:00, 50.25 and 25.69 chains. 

■ ■ ■ ' ■ . ' ■ » > 

viouB that AD, BD and CF toother, are equal to AH ; coqaeqaeoUy CF is 
equal to BH or BM ; hence CM or CL is equal to BF or BD; and therefore 
DH and BC are equal 

Hence, if from the semiperiiiMCer AH, the three ndes AB, AC and BC 
be severally taken, the remainders will be BH, CL, (or BD) and AD re- 
spectively. 

Again, since the angles DBF and D6F are together equal to two right 
angles, as likewise DBF and FBH together equal to two right angles, it is 
msnifest that the angle DGF is equal to the nikgie HBF; and the angle DGB 
to the angle HBK; the triangles DBG and HKB are therefore sinular. 
Hence BD : DG : : EH : HB; also in the similar triangles ADG, AHK, AD : 
D6 : : AH : HK; therefore (2ae) ADx BD : DG* : : AH : HB :': AH* : AH 
XH& 

If therefore we take between AD and BD, and between AH and HB^ the 
mean proportionals M and N respectivdy, the foregoing analogy wDl beeome 
M> : DG* : : AH* : N"; hence (22.6) M : DG : : AH : N ; consequently the 
rectangle M X N is equal to the rectangle AH X DG ; therefore ABC=ABG+ 
BOG+AC(;=AHxDG=:MxN=:v^(ADxBD)X v^ (AHxHB)=^ (AD 
xHDxHBxAH.) 



'. m.] 
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49jOO 
50J95 
25^ 
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Sum 
Half sum 

Bamainders 



124^ 

62.47 

13.47 
12J23 
36.78 



log. 



615 chains 

61.5 Acres=:6lA. 2R. 



1.79567 

1.12937 
1J08707 
1.56561 

2)5.57772 

2.78886 



2. What is the area of a triangular field whose sides 
measure ia64, 12.28, and 9.00 chains ? 

Ana.^k. 2R. 26 P. 

3. What quantity of land is contained in a triangle, 
the sides of which are 20, 30 and 40 chains ? 

iliw.29A. OR. 7P 

PROBLEM VL 

Tajinaihs area of a trapezium j when one of the SiagonaU 
andthetvx^perjpendicuhrSylet.faUonUJ^^ the op- 
ponte angles J are gwesu 

BULB. 

Mdtifdy the sum of &e perpendiculars by the diago- 
nal, and half the product wUl be thaarea.* « " * 



tad the area of the triangle ADC: 



The axeaof the tnaagle ABC (Fig. 70)> 
ACxDB 



ACxBF 



a 
R 



'; thareAn tfa. ■am «f dMn 



ISO ooMTBirr or uuoir {< 

Note. When all the sides and one of the diagonals 

are given, the trapezium will be divided into two trian- 

^ gles, the area of each of which may be fomid by the last 

problem. The sum of these areas will be the area of 

the trapezium. 



1. In a field ABCD, in (he form of a tiapesiimi, the 
diagonal AC measures 20.64 chains, the perpendicular 
BF 6.96 chains, and DE 5.92 chains ; required the area. 
Fig. 70. 

Cb. 
6.96 
5.92 



12.88 
20.64 

5152 

7728 
- 2576 

2)265.8432 

132.9216 CaL= 13 A. lltf^P. 

2. Required the area of a trapezium whose diagonal 
measures 16.10 ch. and the perpendiculars 6.80 ch. and 
3.40ch. An8.8A. OR. 33IP. 

3» The diagonal of a trapazium is 24 ch. and the per- 
pra^fiiwirs are 8J27 ch., and 12.43 ch. ; what is the 
area? iliw.24A. 3R. 14 P. 



ACxBF ACxDE BF+DE 
umMt or the area of the trapeniim ABCD= § H 1 — = 5— 

XAC 

4 



,' ^'* 












■ • 
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PROBLEM 

Tojlnd the area fif a trapezium^ tohen aU the angles and 

two opposite sides are given. 

Note. — When three nf the angles are givenj 4he fourth may 
he/ofundy by subtracting their sum/rom 360^ 

Ckmsider one of the given sides and its adjacent angles, 
or their supplements when their sum exceeds 180% as the 
side and adjacent angles of a triangle, and find its dout^e 
area by prob. 4. Proceed in the same manner with the 
other giv^i side and its adjacent angles : Half the differ- 
ence of the areas thus found will be the area of the tra* 
peziunu* 

BXAMPLBS. 

1. In a four-sided field ABCD, there are given th^ fol- 
lowing bearings and distances, viz. AB, N. 24"^ K^dist. 
6.90 ch. ; BC, N. 64^ 40' E. ; CD, S. 35^ 20^ E. dist 11.50 
ch. ; an4J^9 S. 88® W. : required the area. Fig. 71. 

From the given bearings, the angles may be found 
as follows : 

AD, N. 88® E. CB, S. 64® 40^ W. 

AB, N. 24 E. CD, S. 35 20 E. 



'f^'^.,' '*% 



BAD=64® BCD=100®00 






* DtmamnLLmm. LeiAB,CD, Fig. 71, be the given sides of the tnpe- 

Biim ABCD. Produce DA, CB, to meet in E; then 2ABCD=SEDC— 

2EDC— 3EAR 
2BAB or ABCI>== -s • Hence the tniUi of the rule is erident 



» 



m- 



%» 
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BC, N. 64" 4(y E. DC, N. 35° 20f W. 

BA, S. 24 00 W. DA, S. 88 00 W. 



40 40 
180 00 


123 20 
180 00 


ABC=139 20 


ADC-56 40 
Corutrudion. 



Make AB=6.90, and draw DA, CB, making the 
angle DAB=64°, and ABC=139** 20'; produce DA and 
make the angle EAFz^Se** 40'= the given angle ADC; 
lay off AF= 11. 50= the given side BD, and parallel to 
AD draw FC, meeting BC in C ; lastly draw CD paral- 
lel to AF, meeting AD in D; then will ABCD be the tra- 
pezium.* 

CakulaHon. 

The angle E=180^ — the sum of the angles BCD^ 
ADC=23^ 20^. 

A„ A ^ • V 5 J^d. Ar. Qp. 0.00000 

AS raa. x sin. li, < ^j^^ g, 23" 2a Ar. Co. 0.40222 

. «« p A n .^ a;« wn A S sin. EAB 116° 00* 9.95366 
. sm. JiABX sin. fc^A, i gj^ j^^ ^o 4Q, 9.81402 

. . AIM 5 AB 6.90 0.83885 

• * ^^ ' > AB 6.90 0.83885 



: 3^GlAB 70.405 1.84760 



* DsMoioTRATioir. By coxuitruction FC is parallel to AD and CD to AF ; 
tlmefbre (34.1) CD=AF and (29.1) the angle ADC=EAF; hence it is 
evident that the sides AB, CD, and the angles of the trapezium ABCD are 
respectively equal to the given sides and angles. 



CHAP, in.3 

As radx sin. E, 



:sm.ECDXBiii.£DC, 
::CD», 

: 2 EDC 274731 
2EAB 70.405 
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rad. Ar. Co. 0.00000 

sin. E. 23° 20 Ar. Co. 0.40222 
sin.ECD 100° OOf 9.99335 
sin. EDC 56 40 9.92194 
CD 11.50 1.06070 

CD 11.50 1.06070 



2.43891 



2ABCD 204.326 

ABCD= 102.163 Ch.=: 10 A. OR. 34.6 P. 

2. In a trapezium ABCD, the angles are, A=65°, B 
=81°, C=120°, and consequently D=94°; also the side 
AB=20 ch. and CD=11 ch. : required ]he area. 

-4IM.22A. 2R. 27P. 

■ 3. Required the area of a four^ded piece of land, 
bounded as follows : 

1. N. 12° 3a E. 

2. N. 81 00 E. dist. 23J30ch. 

3. S. 36 00 W. 

4. N. 89 00 W. dist. 12.90 ch. 

Ana. 27 A. 2R. 24P. 



PROBLEM Vm. 

To find the area tf a trapezium when three sides and the 

two included angles are given. 

BULB. t.r* 



As radius, 

Is to the sine of one of the given angles ; 

So is the rectangle of the sides including this angle. 

To a certain quantity. 



u 
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As radius, 

Is to the sine of the other given angle ; 

So is the rectangle of the sides including this other 

angle, 
To a second quantity. 

Take the difference between the sum of the given an- 
gles and 180"; Then, 
As radius. 

Is to the sine of this difference ; 
So is the rectangle of tlie opposite given sides, 
To a third quantity. 



If the sum of the angles be less than 180", subtract 
the third quagtity from the sum of the other two, and 
half the difference will be tlie area of the trapezium. 
But if the sum of die given angles exceed 180% add all 
the three quantities together, and half the sum wiU be the 
area.* 



* Dbmonsthatiok. Let ABCD (Fig. 72 or 7S) be tbe trapezium, having 
the given sides, AD, AB, BC, and given anglcH DAB, ABC. Complele the 
paraUelograms ABCE, ABFD, and join ED, CF ; then because EC, DF, are 
each parallel and equal to AB, they are (30.1) parallel and equal to each 
oihor,Bnd(33.1)ECFDiaB parallelogram; therefore ABFD=ABHG+GHFD 
=(3ai.)ABCE-(-ECFD=(34.1.) ABCE+aECD; to the first and last of 
these equals add ABCE, then ABFD-f-ABCE^2ABCE+2ECD=2ABCDE. 

But, Fig. 72, when tlic sum of the given angles DAB, ABC, is less than 
180", 2ABCDE=2ABCD+2EAD ; therefore In this case ABFD+ ABCE= 
2ABCD+2EAD; or ABFD+ABCE-2EAD=2ABCD. 

And, Fig. 73, when the sum of the given angles DAB, ABC, exceeds 180^. 
2ABCDE=2ABCD— 2EAD; Ihcrefore ABFD+ABCE=SABCD— 2EAD; 
or. ABFD+ABCE+2EAD=2ABCa 

But by prob. 3. one of the flret two proportions gives 2BAD {=ABFD,) 
udthe oUiei gives 3 ABC (= ABCE;) iIm becftuse the mngle EAD ia the 



'.V 
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EXAMPLES. 

1. In a trapeziam ABCD, there are given AD=23.32 
ch., AB=25.70 ch., and BC= 15.84 ch., the angle DAB=: 
64% and ABC=82°: required the area. 

Asrad. Ar. Co. 0.00000 

: sin. DAB, 64° ... . 9.95366 

Ans/AR 5^1^23.32 - . 1.36773 
: : Ai^XAiJ,j^^2g^^ 1.40993 

: first quantity 538.66 ... 2.73132 

Asrad. Ar. Co. 0.00000 

: sin. ABC, 82° 9.99575 

•AEvBC 5AB25.70 - 1.40993 

..ADXJX,, J BC 15.84 - 1.19975 

: second quantity 403.12 . 2.60543 

DAB 64° 
ABC 82 

146 

180 

Difference 34° 

Asrad. Ar. Co. 0.00000 

: sin. difference 34° .... 9.74756 

•ADvBC 5AD23.32. - 1.36773 
.AWXiK., iBC 15.84. - 1.19975 

I I ■■ 

: third quantity 206.55 - - - 2.31504' 



diflbfence between the sum of the given angles and 180^, and the aide EAs 
BC, the third proportion gives 2EAD : hence the troth of the role is mani- 
fest 
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Ist quantity 538.66 
2d " 403.12 



941.78 
3d " 206^ 



2)735.23 

367.615 ch.=36 A 3R. 2 P. 

2. What is the area of a four-sided lot of ground, three 
sides of which, taken in order, measure 6.15, 8.46, and 
7.00 chains, respectively ; the angle contained by the first 
and second sides 56°, and that contained by the second 
and third sides 98° 30* ? Ans. 4 A. R. 25 P. 

3. One sideof a quadrilateral piece of land bears S. 7i 
£. dist 17.53 ch., the second, N. 87 E. dist. 10.80 ch. 
and the third, N. 25} E. dist. 12.92 ch. : what is the area ? 

-(l«s. 21A. 3R. 2P»- 

PROBLEM IX. 

To find the area of a trapezoid. 

RULE. 

Multiply the sum of the parallel sides by their per- 
pendicular distance, and half the product will be the 
area.* 

EXAMPLES. 

1. Required the area of a trapezoid ABCD, of which 
the parallel sides AD, BC measures 6.14 and 9.48 chains, 

* Demonstration. The trapezoid ABCD, Fig. 74,=the triangle ABD+ 
BDC=(by p roh 2.) ADxM;+BCxDE.^(bec«aie BF=DE.) APxBF 
.BCxBP AD+BCxBP. 
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respectiyely, and their perpendicular distance BF or DE» 
7.60 chains. 

C3i. 
6.14 
9.48 



15.62 
7.80 

124960 
10934 

2)121.8360 

60.9180 Ch.=6 A. OR. 15 P. 

2. The parallel sides of a trapezoid are 12.41 and 8 J22 
phains, and their perpendicular distance 5.15 chains : re- 
.jjuiTed the area. Ans. 5 A. 1 R. 10 ^ir . 

3. Required the area of a trapezoid whose parallel 
sides are 11.34 and 18.46 chains, and their perpendicular 
distance 13.25 chains. Ans. 19 A. 2 R. 39 P 



PROBLEM X. 

To find the area of a circle^ or of an ellipsis* 

RULE. 

Multiply the square of the circle's diameter, or the 



* If two ]nn8 be set upright in a plane, and a thread, the length of 
which 18 greater than twice the distance between the pins, having the 
ends tied together, be put about the pins ; and if the point of a pin o<' 
pencil applied to the thread, and held so as to keep it uniformly tense, be 
moved round, tiU it return to the place from which the motion began ; then 
the point of the pin or pencil will have described on the plane, a curv4tf fins 
called an EUipgii. 

\2* S 
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(Aroduct of the two diameters of the elfipsis, by .7854) Inr 
the area.* 

Note 1. — ^If the diameter of a circle be multiplied by 
3.1416, the product will be the circumference ; also if 
the circumference be divided by 3.1416, the quotient wiU 
be the diameter. 

2. If the area of a circle be divided by .7854, the square 
root of the quotient wiU be the diameter. 



L How many acres are in a circle a mile in diameter ? 
1 mile=80ch. 
80 

.7854 



^ 



3141600 
47124 



5026.5600 Sq. Ch.=502 A. 2 R. 25P. nearly 

Or by Logarithms. 

Q!«„o,^ ^r an 5 80 log. 1.90309 

Square of 80 ^^ ^ ^^^3^,^ 

.7854 —1.89509 



5026.56 Sq. Ch. 3.70127 

2. Required the area of an ellipsis, the longer diame- 
ter of which measures 5.36 ch. and the shorter 3.28 ch. 



*^W demonstration of this rule is too abetrofle to admit of a place in this 
winP The student who wishes to tee a demonstration is referred to a tiea* 
Use on Mensutation or 
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.>*• 



Ch. 

3J28 

4288 
1072 
1608 

17.5808 
.7854 

703232 
879040 
1406464 
1230656 

13.80796032 Sq. Ch.:gjlA. 1 R. 20.9P. 
PROBLEM XI. 

being given to calculate the area. 

RULE. 

1. Rule a table and head it as in the annexed example; 
observing that the letters K D. D. and W. D. D., stand 
for East DouUe Departure^ and West Double Departure. 

2. Find by prob. 12. chap. 1., the corrected difier* 
ences of latitude and the departures, corresponding to 
the several sides, placing them in their proper places in 
the table. 

3. When the departures corresponding to the first and 
last sides are of the same name, add them together, and 
place the sum opposite the first side, in the colowi of 
double departures, which is oitliat name; but vrblplbey 
are of different names, take their difference^ and pikce it 



« 



# 
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in the column of double departures, which is of the sailie 
name with the greater departure. Proceed in the same 
manner with the departures corresponding to the first 
and second sides, placing the result opposite the seccMid 
side ; with those corresponding to the second and third 
sides, placing the result opposite the third side ; and so 
on to the last. 

4. Commencing witli any side of the survey at plea- 
sure, assume any number whatever for a multiplier cor- 
responding to that side, and place it in the column of 
multipliers, opposite to the side, marking it with the let- 
ter E, for east. If this multiplier and the double depar- 
ture, corresponding to the next side, are of the same name, 
take their sum for the next multiplier, marking it with 
that name ; but jij^ they are of different names, take their 
difference, marking it with the name of the greater. . 
Proceed in the same way with this multiplier and th^ 
next double departure ; and so on till multipliers have 
been found corresponding to all the sides. 

5. Multiply each of the corrected differences of lati- 
tude by its corresponding multipher ; and when the mul- 
tipUer is east^ place the product in that column of areas, 
which is of the sam£ name with the difference of latitude i 
but when it is west^ place the product in the column of 
areas, which is of a different name from that of the dif- 
ference of latitude, 

6. Add up the numbers in the columns of areas, and 
taking the difference of their sums, divide it by 2 ; the 
result will be the area of the survey.* 



* lyuioifSTRATiON. Let ABCDEFG, Fig. 79, be a plot of a sarvey ; and 
let the east and west line AL, represent the assumed multiplier. From the 
pointi B and L, draw BM parallel, and LM perpendicular to AL, meeting in 
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Note I. — If the double departures have been correctly 
found, the sums of the numbers in the two columns, vrSi 
be equal. Also, if the multiphers have been correctly ob- 
tained, the sum or difference of the multipUer last found 



H ; ftnd bisect BH by the meridiu NS. Dtaw (be Aher east and wen 
linem Ce, md, ne, rf, ui vg ; and alM the meridiana U, Bp, On, D*,ur, 
J^, and Gx. Then it ia evident that the diSerencea of latitude and the de- 
partures coTreaponding to the aereial aidea will be aa in the Ibllowing table. 
Alao according to the rule, fflk+jte^Bxiia the double departure correapond- 
ingtothe fimaide; £&+C!=Cl,iB tbatfortheBecondaide; O— Ar=Z:>P, 
ia that for the thiid; and ao on to the laaL 



DUL 


N. 


1. 


E. 


W. 


E.D.D. 


W.D.D 


Muitipli™ N. Ar™. 


S. Area*. 


AB 


Ah 


Bh 




Bx 




Aa+Bb,E%AabB 




BC 




Bl\ct 




Ck 




Bh+CcE 


2 BbcC 


CD 
DE 


- 


c^l 


Dvi 


Dp 1 


Cc+Dd, E\ 


2 CcdD 


D<i 


E, 






En 


Dd+E€.E 




2 DdeE 




Fi 


Er 




Fr 




F, 


Ee+Ff, E 




2 Er/F 




at 




Gu 


F/+ Gg. E 


IFfgG 




Iga 


Ob 




Ae 




Aw 




Gff+Aa.E 


2G^« A 





By construction, the aaaumed multiplier AI^Aa+aL— A«+6M=A«+ 
B6. By proceeding with this multiplier and the doable departures, aa di- 
rected in the rule, we aball evidentiy have the other multiplioia aa represent- 
ed in the table. It ia also plain that the producta of the di^rences of 
latitude by these multipllera, will be as repTMented in the columna of north 
and aouth areas. 



Tbeeumoftbe north areaaia 2BAGF/'6B;and theaum of the aouth areaa 
ia 3 BCl>]<:F/«a The diShrence of theae is 2 ABCDEFGA ; tiie half of 
which ia the area of the survey. 



The praceding demtaiatntion may eadly be extended to the case in which' 
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and the next douWe departure, according as they are of 
the same or different names, will be equal to the assutned 
multipher. 

2, It ia best, in general, to assume 0, for the first mul- 
tipUer ; as by so doing there is one multiphcation less to 
be performed, and the oilier multipUers are mostly smaller 
Dumbers, tlian they would otherwise be. 



d multiplier is bo small as to make the meridian NS pass through 
the survey. Thus, suppose Aw+HB to be the asEumed muhiplier, the me- 
ridian ia this case coinciding ntth FH. Then the multipliers will be equal 
lt> the diAtencca between the above multipliers and the quantitj, aa+bH 
or its (wjual 26H. We may therefore represent tiiem, and the products^ m 
in the folbwing table ; in which Llie mullipliera are marked, and tJio produeU 
placed, in conformity with the rule. 



DM. 


N. [s. 


MuUiplierB. 


N.Areeik 


s.a™i. 


AB 


A.| 


(Aa+Bb)—2bH,K 


2 AaBb—2u>ubH 




flC 




Bl 


{Bb+Cey-2btl. E. 




2 BbcC—2HbeK 


CD 




Cm 


{Cc+Dd)—2bHE. 




2 CcdD~2KedP 


DE 




Dq 


(Dd+Ee)—2bH,E. 




2 DdcE—2Pde(i 


EP 




Er 


(Ec+i^)— 2 6H; E. 




^EefF~2QefF 


FG 


Fl 




2 bH—(Ff+ Gg) W. 




2Ffgt~2FfgG 


GA 


Qd 




2bH^Gff+Aa)W. 




3 tgav,~2 GgaA 



The sum of the north areas is 2 Ao^B — 2H£au.' and the sum of the south 
nreaa is 2 BCDEF/6B-I-2 waf F~2 H6/F— 2 AGF/a=2 BCDEF/tB+ 
2 wo/F— 2 loa/F— 2 Ubaia — 2 AGF/a- 2 BCDEP/6B-2niou?-2AGF/4 
=2BCDEF/6B — 2 AGF/tt~-2 116am. If now the sum of the north areas be 
subtracted from that of the south aroaB, the remainder will be 2 BCDEF/'6B 
—3 AGiy«— 2 A<i6B=2 BCDEF/tB-2 BAGP/fc=2 ABCDEIX3A. 



LM- 
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3. Instead of assuming the first multiplier east, it 
might with equal propriety be assumed west. Also 
instead of finding the multipliers from the departures, 
they might be found in a similar manner, firom the difier- 
ences of latitude ; using, in that cAse, the departures fi)r 
multipUcands. 

1^ 

4. When one or two bearings or distances are omitted, 

they may be found by the problems in the last chapter ; 
and in these cases the difierences of latitude and depar- 
tures are to be used as first obtained firom the tables, 
there being no means of correcting them. 

EXAMPLBS. 

1. Given the bearings and distances of the sides of a ' 
tract of land as foDow: 1st 401° E. 31^0 ch.; 2d. N. * 
54° E. 2.08 ch. ; 3d. N. 29*° E. 2J21 ch. ; 4th. N. 281° E. "J| 
35.35 ch. ; 5th. N. bV W. 21.10 ch. : and 6th. S. 4T W. • 
31.30 ch. ; to the place of beginning* Required the area 
of the tract 
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2. Required the area of a tract of land, bounded as 
follows : iBt. N. 75° E 13.70 eh. ; 2d. N. 204'' E 10.30 
ch.! 3d. East, 16.20 ch.; 4tli. S. 33J° W. 35.30 du 
Sth. S. 76° W. 16 ch-i Oth. North, 9ch.; 7th. S. 84 
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W. 11.60 ch. i Sth. N. 53* °W. 11.60 ch. ; 9th. N. Sej" 
E. 19.36 ch.) 10th. N. 221° E. 14 ch.; 11th. S. 76i° E. 
12 ch.; 12th. S. IS-W. 10.85ch.; 13th.S.18»W. 10.62 
ch. ; to the place of beginning. 
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3. Given the boujiilarics of a tract of land as follow, 
viz. Ist. S. 35J° W. 1 1.20 ell. ; 2d. N. 45" W. 24.36 ch. ; 
3d. N. 16i° E. :0.80 ch. ; 4th. S. 77° E. 16. ch. ; 5th. N 
871° E. 21.50 ch.i 6th. S. 60° E. 14.80 ch. i Southl0.9I 
ch.; 8th. N. 85" W. 28.28 ch. ; to the place of beginning • 
required the area. Arts. 85 A. 3 R. 17 P. 

4. Given the boundaries of a tract of land as follow, 
viz. 1st. N. 19° E. 27 ch. ; 2d. S. 77° E. 23.75 ch. ; 3d. 
S. 27° E. 28.75 ch.; 4th. S. 52° W. 14.50 ch. ; 5th. S. 15}° 
E. 19 ch.; 6th. West, 17.72 ch. ; 7th. N. 36° W. 11.75 ch. ; 
8th. North, 16.07 ch. ; 9th. N. 62° W. 14.88 ch.; to the 
place of beginning : required the area. 

Alts. 153 A. 2R. 6 P. 

5. Required the area of a tract of land bounded as 
foUowa : iBt. S. 62° W. 7.57 ch. ; 2d. N. 43J° W. 5.89 ch. ; 
3d North, 5.83 ch. ; 4th. N. 33}° W. 8.83 ch. ; 5th. N. 48° 
E 4.81 ch. ; 6th. N. 13° E. 4.66 ch. ; 7th. N. 63}° E. 5.27 
ch.; 8th.S.6}°E.5.60ch.; 9th. S.40}°E. 6.87 ch.; 10th. 
East, 6.54 ch. ; 11th. North, 5.52 ch.; 13th. N. 68}° E. 
3.10 ch.; 13th. S. 30° E. 7.90 ch.; 14th. S. 33° W. 8.80 
ch.i 15th. S. 31}° E. 6.42 ch.; 16th. S. 50° W. 8.40 ch. ; 
17th. N. 44° W. 6.85 ch. to the place of beginning. 

Ans. 44 A. 3 R. 23 P. 

6. Given the following field-notes to find the area of 
the survey ; also the bearings and distance of the 3d side, 
which were omitted to be taken on account of obstacles 
in the way. 

Ch. 
1. S. 85}° E. 23.30 
3. S. 19 E. 31.12 

4.N.64 W. 29.78 



% 
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Ch. 

5. N, 15J^ W. 22.46 

6. N, 58 E. 25.94 

7. S. 27i E. 6.60 

Ans. Area. 182 A. OR. 21.7 P. and the bearing and 
distance of the 3d side, S. 66** 23' W. 28.06 ch. 

7. Being furnished with the field-notes of a tract of 
land, and requested to calculate the area, I found on ex- 
amining them, that the figures expressing the angles of 
bearing of the 4th and 5th sides were so defaced as to be 
illegible : but as the remaining data are sufficient, the 

area is required. The field notes are as follow : 

« 

Ch. 

1. s. eoi" w. 10.34 

2. N. 27i W. 17.88 

3. N. 51 E. 15.85 
4.N.— E. 9.61 

5. S. — E. 19.18 

6. S. 16| E. 22.21 

7. S. 71i W. 16.66 

8. N. 71i W. 5.76 

Am. 81 A. 2R. 23 P. 

8. Iq a survey, represented Fig. 81, the comer at A 
was inaccessible, occasioned by the overflowing of water; 
but being a tree, it can be seen firom the adjacent comers 
B and L. I therefore set my instrument at B and took 
the bearing to A, which I reversed, and set in my field- 
book as the first bearing. I then proceeded to take the 
bearings and distances of the several sides to L : and at 
L, I took the bearing of the side LA. The field-notes 
being as follow, the length of the sides AB and LA, and 

the area are required. 
10 



'*. 
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AB, N. 51t= W. Ch. 

BC, S. 451 W. 15.16 
CD, N. 50 W. 23.10 
DE, North, 18.83 

EF, N. 48 E. S2.60 
FG,N. S5i W. 20.n 
GH, Enst, 26.57 

HI, S. 30i E. 22.86 
IK, S. 44 W. 15.04 
KL, S. 47 E. 28.55 
LA, S. 20} W. 
An. AB, 26.47 ch. ; LA, 23.81 ch. j and the area 
244 A. 3R. 13P. 

9. In takiDg a survey of a tract of land bounaed by 
aix straight sides. Fig. 80, I was prevented going di- 
rectly from the 3d to the 4th corner by a pond of water. 
I therefore set up two stakes near the edge of the pond, 
and took the bearing and distance from the 3d corner 
to the first stake, from the first stake to the second, and 
from the second to the 4th corner, and noted them in 
my field book as all belonging to the 3d station of tjie 
survey. The field-notes being as follow, the bearing and 
distance of the 3d side, and the area of the survey are 
required. 



1. 




North, 


7.81 Ch. 




2. 


S, 


. 76r E. 


18.15 






cs. 


52 W. 


10.70) 




3. 


Is. 


7i W. 


13,92 V 






(s. 


33J E. 


9.00 ) 




4. 


N. 


84i W. 


27.12 




5. 


N. 


4i W. 


22.00 




6. 




'East, 


16.58 




Aia. 3d side, S. 1 


[0°47'W 


. 28.42 ch. ; 


and area 


80 A. ( 


OR. 


25 P. 







r 
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PROBLEM XU. 

Thjind the areoj when ^-aets are taken. 

RULE. 

1. Find by the last problem, the area enclosed by the 
stationary lines and straight sides of the survey. 

2. Subtract the stationary distance of each off-set, 
from that of the one immediately following ; the remain- 
ders.will be the distances, intercepted on the stationaiy 
line, between each two adjacent off-sets*. Place these 
under one another in a column as in the fiimoxed exam- 
ples« Also take the sinns of each two adjacent off-sets, 
and place them in the next column, so as to correspond 
with the intercepted distances. 

3. Multiply the sum of each two adjacent off-sets by 
their intercepted distance on the stationalry line ; then, 
half the sum of the products will be the area of the off 
sets on that line. 

• 

4. If there are off-sets on more than one stationary 
line, proceed in the same manner with the others. 

5. When the stationary lines are within the boundaiy 
of the survey, add the areas of the off-sets to the area 
enclosed by the stationary hnes and straight sides ; but 
when the stationary hnes are without the boundary, sub- 
tract the areas of the off-sets.* 



* DBxoiarntATTOic Considering the boundary as straight between the 
ends of each two adjacent offsets, it is plain that the area contained between 
the stationary line and boundary will be divided by the off-sets into trape- 
aoides and triangles. Hence the truth of the rule is evident 
13» 
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Example 1. Fig. 82. 

Required the area of a piece of a meadow, bounded on 
r one side by a brook ; the field-notes being as follow : 



-^ 




JjB/MuaoA <^P#eti on 


1 the MaL line. 


Ste. 


Diat 


OffaetB. 


1. N. lej" E. 14^5 Oi. No. 1. 


0.00 Ch. 


0.30 Ch. 


2. East, 7.82 2. 


0.95 


0.84 


3. S. 3i W. 14.45 Stat line. 3. 


2.03 


0.86 


4.N.86iW. 1L07 4. 


3.28 


0.50 


5. 


5.20 


1.80 


6. 


7.43 


2.35 


7. 


8.98 


1.45 


8. 
\A 9. 


10.46 


1.08 


11.71 


1.85 


10. 


14.45 


0.35 



The area of the part ABCD win be found, by the faist 
problem, to be 13 A. 1 R. 11 P. 
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To find the area of the (ff-sets. 



Na 



8 



Sta. IMrt. 
Ch. 



10 



0.00 



0.95 



2.03 



3.28 



5.20 



7.43 



8.98 



10.46 



11.71 



14.45 



Off-seta. 
Ch. 



0.30 



0.84 



0.86 



0.50 



1.80 



2.35 



1.45 



1.08 



1.85 



0.35 



Intercep. 
Dist 


Sams of 
Offsets. 


Prodncts. 








0.95 


1.14 


1.0830 


1.08 


1.70 


1.8360 


1.25 


1.36 


1.7000 


1.92 


2.30 


4.4160 


2.23 


4.15 J.2545 


1.55 


3.80 


5.8900 


1.48 


2.53 


3.7444 


1.25 


2.93 


3.6625 


2.74 


2.20 


6.0280 




2) 

■ 


37.6144 



18.8072 Ch. 
1 A. 3 R. 21 P. 



A. R. P. 

AreaofABCD 13 1 11 
Do. of off-sets 1 3 21 



Whole area 15 32 
Example 2. Fig. 83. 

ft 

Rcquiied the area of a survey from the following field 
notes* 



% 



^■^ 



iii 
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Left hand oflf-flcts. 
1ft Stationary Line. 3d Stat Line. 
Sta. Diftt OffHscts. Sta. Dist Off-ecta. 







Ch. 




Na Ch. Ch. 


Na 


Ch. Ch. 


LN.d6}o 


W. 


saoo 




1. aOO OdO 


L 


aoo OM 


&N.56i 


E. 


21.60 itat line. 


2. &10 a40 


^ 


4.20 2.50 


aN.26^ 


£. 


ia44 


Da 


a iai5 aio 


a 


ao5 a20 


4L8.7H 


£. 


ia96 


Da 


4. 14.06 a96 


4. 


Vklb 2.45 


.& &26i 


E. 


ia46 


Da 


5. ia29 2.70 


5. 


laoe 0.50 


§. &45 


W. 


42.41 




a 21.60 a.^ 


4th Sut lina 










2d. Stat Line. 


1. 


aoo a50 










1. 0.00 0.f& 


2. 


ai2 2.75 










2. ia44 OM 


a 

4. 


laoo 1.90 
ia46 a70 



4. ia46 a70 

The area within the stationary lines and straight sides, 
found by the last proUem, is 1152.5381 square chains. 



To find the area of the of^s. 

Ist Stationary lina 



Na 
1 

2 


Ch. 


Offsets. 
Ch. 


Intercea 
Dut 


Sums of 
Offaete. 


Prodncts. 


0.00 


0.50 








6.10 


3.40 


6.10 


3.90 


23.7900 


3 


10.15 


3.10 


4.05 


6.50 


26.3250 


4 
5 


14.08 


3.96 


3.93 


7.06 


27.7458 


19.20 


2.70 


5.12 


6.66 


34.0992 


6 


21.60 


0.55 


2.40 


3.25 


7.8000 



2d. Stationary Una 



Na 



StLlMat 
Ch. 


Offeets. 
Ch. 


Intercep. 
Diat 


Soma of 
Off-Beta. 


Producta. 


0.00 


0.55 








13.44 


0.55 


13.44 


1.10 


14.7840 
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3d. Stationaiy line. 



m 



Na 


eta. Dirt. 
Ch. 


Off-«Ct8. 

Ch. 


Intercen. 
DisL 


Sams of 
Offsets. 


ProdnetL 


1 


0.00 

• 


0.55 








2 


4.20 


2.50 


4.20 


3.05 


12.8100 


3 


8.05 


3J20 


3.85 


5.70 


21.9450 


4 


15.15 


2.45 


7.10 


5.65 


40.1150 


5 


18.96 


0.50 


3.81 


2.95 


11J2395 



4tlL Stationary line. 



1 


0.00 


0.50 






*/ 


2 


5.12 


2.75 


5.12 


3.25 


16.6400 


3 


10.00 


1.90 


4.88 


4.65 


22.6920 


4 


13.46 


0.70 


3.46 


2.60 


8.9960 



2)268.9815 



Area of the off-sets 



134.49075 Ch. 



Area within the stationaiy lines - 1152.5381 

1 287.02885 Cb. 



128.702885 Acr 
4 

2.811540 
40 

32.46160 



Area of the surrey, 128 A. 2 R. 32 P. 

U 



^ 



f 






^ 
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ElzAMPLB 3. 

Required the areaofameadow from the following field 
notes. 

Left-hand oflP«ete on the stat line. 







QlM. Ditf. 


Off-aetB. 


1. N. 4li"' E. 14^5 Ch. Na 


. 1. 0.00 Ch. 


0.38 Ch 


3. S. 42^ R 14.71 Sta. line. 


2. 2.65 


2.35 


3. S. 54 W. 16.32 




3. 3.80 


1.70 


4.N.32iW. 11.50 




4. 6.00 


2.75 






5. 7.50 


1.40 






6. 9.60 


3.20 






7. 12.38 


2.72 


- 




8. 14.71 


0.42 


■ 


Ans. Artia. 22 A, 3R. 27P. 


4 


ExAWfLR 


4. 





Tho fbllowiog field-notes are given, to find the area 
of the survey. 

hefbiatod aS^^a. 
OnUwliLitatHiM. On the 9d. ttat line. 
Sta. Kit Offwta. Su. Diet Offeete 

Ch. No. Ch. Ch. No. Ch. Ch. 

l.S.69|"R 16.14 sta. line 1. 0.00 0.44 1. 0.00 0.31 

2. S. 28 R 9.38 Do. 2. 3.80 2.00 2. . 2.67 2.94 

3.S.32iW.21J20 3. 7.04 3.79 3. 6.20 2.62 

4.N.48 W. 22.47 4. 9.87 2.34 4. 9.38 0.39 

5.N.26I R 19.00 5. 13.24 3.00 

6. 16.14 0.31 

Am. 56A. 2R. 18P. 



^ 
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PROBLEM Xffl. 

Cfiven the bearing and distance of two stations from each 
other Of id tlie bearings of all the comers of a tract of 
land from these stations^ to find the area of the tract. 

The method of doing this will be best explained by an 
example. 

EXAUPLE 1. 

Let ABCDEFGA, Fig. 84, represent a field, all the 
angles of which can be seen from two stations, H and I, 
without it. The bearing and distance of the stations, 
and the bearings of all the angles of the field, fi^m eadi 
station, being as follow, it is required to find the area. 

The station H bears from the station I, North, dist. 
28 ch. 





Bearinga 




Bearings. 


HA 


S. Sli" E. 


lA 


N. 28i° E, 


HB 


S. 85i E. 


IB 


N. 42i R 


HC 


S. 68 R 


IC 


N. 51i R 


HD 


S. 58J E. 


ID 


N. 71 R 


HE 


S. 35i E. 


IE 


s. m E. 


HF 


S. 28i E. 


IF 
IG 


N. 73i R 


HG 


S.40 E. 


N. 60 R 



Construction. 

Draw HI according to the given bearing and distance ; 
and firom the points H and I, draw HA, HBf HC, die. 



'* 



A 



^i 



S^ 



V- 



k. 



T 









4b 



•_ 
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and lA, IB, IC, 6ic. according to the given bearings ; 
then wiU the intersections A, B, C, &ic. of the corres- 
ponding bearings HA and lA, HB and IB» HC and IC, 
&C. be the angular points of the field. 

Calculatum. 

In each of the triangles IH A, IHB, IHC, &ic. we have 
the side IH ; and firom the bearings of the sides, we have 
aB the angles, to find the sides lA, IB, IC, &c. 

Then in each of the triangles, lAB, IBC, ICD, do:, we 
have two sides, and the included angle ; whence the areas 
may be found by prob. lU. 

From the sum of the areas of the triangles LAB, IBC, 
4CDj and IDE, which is equal to the area lABCDEI, 
subtract the sum of the areas of the triangles IA6, IGF 
and ib'E, which is equal to the area IAGFE3 ; the re- 
mainder vnll be the area of the field ABCDEFG A. 

Note.-^ln working the proportions for findmg the sides 
lA, IB, ^Ec it vnll be unnecessary, when the area only 
is required, to take out the natural numbers correspond- 
ing to the logarithms of those sides ; because in the pro- 
portions for finding the areas it vnll be sufficient to know 
the logarithms of the sides, vnthout knowing their real 
lengths. 

To jlnd the log. of I A. 

As sm. HAI, 70^ (XK ... - - 9.97299 

: sin. AHI,81 30 9.99520 

: : m, 28 1.44716 



11.44236 



: I4» log. 1.46937 



" lit ■ 
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ToJindthelog.oflB. 

As sin. HBI 52° 00* 9.89653 

: sin.BHI85 45 9.99880 

: : IH 28 1.44716 



11.44596 



: IB log. 1.54943 

Tojlnd the log, of IC. 

As sin. HQ 60° 3(y 9.93970 

: sin. CHI 68 00 9.96717 

: : m 28 1.44716 



11.41433 



: IC log. 1.47463 

ToJindtheiog.oflD. 

As sin. HDI 50° 45' 9.88896 

: sin. DHI58 15 ----- 9.92960 

: : IH 28 1.44716 



11.21111 



«. . 



11.37676 
.ID log. 1.48''80 

TofindtKelog.ofJE. 

As sin. HEI *7° 00 - - - - 1 9.86413 

: sin.EHI35 30 9.76.395 *, 

: : m 28 1.44716 



IE log. 1J||698 



• --c'.^' 



V 
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Tojindthelog.ofW. 



As Bin. HFI 78° (KX 9.99040 

: 8in.Fffl28 30 9.67866 

: : IH 28 1.44716 

11.12582 
:IF log. 1.13542 

Tofindthelog,oflG. 

As sin. HGI 80° OO' 9.99335 

: sin. Gffl 40 00 - 9.80807 

.: :ffl28 .,-----. 1.44716 

11.25523 



: IG log. 1.26188 

To find the double area tif the triangle lAB. 

Asrad. ..------- 10.00000 

: sin. AIB 13° 45' 9.37600 

..lAXU*,JjB 1.54943 

: 2IAB 248.2 2.39480 

To find the douUe area of the trumgle IBC. 

Asrad. - 10.00000 

: 8in.BIC9°15' 9.20613 

..llJXiV., ^j^ 1.47463 

: 2IBC 169.9 - 2.20319 
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To find the double area of the triangle ICD. 

Asrad. -- 10.00000 

: sin. C3D 19° Sff 9.52350 



::ICxn),|{^ 



log. 1.47463 

- - - ,i - — -. 1.48780 



: 2ICD, 306.15 2.48593 

T&find the double area of the triangle IDE. 

Asrad 10.00000 

: sin. DIE 26° 30^ 9.64953 

log. 1.48780 



:IDxIE,|{g 



*•""""*"'" 1.34698 

: 2IDE 305.007 2.48431 



To find the double area of the triangle JEF. 

As rad. ,-- 10.00000 

. 8in.EIF24°00' - - - a - - 9.60^^1 

••"'^"'JIF 1.135 



1.34698 
13542 



: 2IEF 123.511 2.09171 



To find the doiMearea of the triangle IFG. 

Asrad--- 10.00000 

: sin. FIG 13"* 30^ 9.36818 

re^in S^ log- 1»3542 

^X^^'JlG — 1J26188 

2IFG 58.274 1.76548 
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I'ojtnd the double area of Ike triangle lAG. 

Asrad. - - 10.00000 

: sin. AIG 31° 30 9.71809 

TA ,r- (lA - - - - log. I.4C937 
, = IAxIG, Jm . . . . _i 1.26188 

; 2IAG 381.412 - - 



2IAIJ - - 

2IBC - - 

JICD - - 

3IDE - - 

, 2IABCDEI 
2IAGFEI 

2ABCDEFGA 

ABCDEFGA 



248Ji 
1C9.9 
300.15 
305.007 

1029.557 
4C3.197 



283.03 Cb.=21 A. IR. 8 P. 



- 2.44934 




CL 


2IEF 


123.511 


2IFG 


58.374 


2IAG 


281.412 


EI 


463.197 



i 
i 



The Jwarings anddisftinces of the sides, if required, 
might readily be obtained. For, having found the dis- 
tances lA, IB, we have in the triangle lAE, two sides, 
and an included angle ; whence tJie angle lAB and side 
AB may be foimd. The angle lAB apphed to the bear- 
ing of PA, will give the bearing of AB. In the same 
manner the bearings and distances of the other sides 
may be found. 

EXAMPLE 2. 

Being required to calculate the area of a field, the 
owner of which refuses pcrmi.ssion to go on it, I choose 
two stations, F and G, in the adjacent land, fk)m whence 
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all the angles of the field are visible. The bearing and 
distance of the stations, and the bearings of the angles, 
from each station, arc as follow. What is the area of 
the field ? 

The station G bears from tlie station F, N. 43** W. 
20 ch. 







BearingB. 


FA N 25i° E. 


GA 


S. 66° E. 


FB N. 19 W. 


{gb 


N.23 E. 


FC N. 5 W. 


JGC 


N.38JE. 


FD N. 16 E. 


jGD 


.\.60JE. 


FE N. 601 E. 


,GE 


S. 84 E. 



Ans. 33 A. 1 R. 7 P. 



PROBLEM XIV. 

To find the area of a survey hy protrading it, and dividing 
the plot into triangles and trapeziums. 

The method of doing this will be easily understood 
from the following example. 

Example X. 

Given the bearings and distances of the sides of a 
tract of land as follow : 1st. N. 50" E. 9.60 ch. ; 2d. S. 
32^ E- 16.38 ch.; 3d. S. 41° W. 6.30 ch. ; 4th. West, 
8.43 ch, ; 5th. N. 79° W. 10.92 ch. ; 6th. N. 5° E. 11.25 

Ich. ; 7th. S. 83° E. 6.48 ch. ; to the place of beginning. 
Required the area* 
Fig. 75, is a plot of this survey : and by drawing the 
lines as in the plot, it is divided into two trapeziums 
AGFE, AEDF, and a triangle BDC. Measure the 
14- X 










i 
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several bases and perpendiculars, on the same scale that 
was used in the protraction, and find the double areas of 
the triangle and trapeziums by probs. 2 and 6 ; the sum 
of tliese will be the double area of the survey. 

Bases. Perpens. 

EG 16.68 X \ A64 71 1 =^3-6628=2 AGFE 
EB 19.17 X f nSfi?n \ =267.4215=2 AEDB 
BD 19.23 X Ce5.16 = 99.2268=2 BDC 



2)570.3 1 1 1 ch.=2 ABCDEFG 

285.15555 ch.=28A. 2R. 2P. 
= the area required. 

GXAMPLB 2. 

The following field-notes are given to protract the 
sunrey and find the area. 

Ch. 

1. N. 15° (Xy E. 20 

2. N. ZT 3(y E. 10 
'3. East 7.50 

4. S. ir 00* E. 12.50 

5. South 13.50 

6. West 10. 

7. S. 36° 30^ W. 10. 

8. N. 38° 15' W. 8.50 

i4j|s.46A. 2R..9P. 



CH,VPTER IV. 



^M LAYDJG OUT AND DIVIDING LAND. 

^H PROBLEM J. 

^^H To lay out a given quantity of land in a syuarf/orm. 

^^f Reduce tlie given quantity to chains or perches, and 
extract the square root, which will be the length of a 
side, of the same denominatioo to which the giveo quaa- 

^^_ tity is reduced. 

^B I. Rcc 
^■VA. 

E 



. Required ttte side of a square that shall coutaio 
|i)A. 3K. 2SP. 

40)28 Per. 

4)3.7 R. 

9.92S A.=99.25 ch. 



at. 

99.25(9.96 ch. the length ofa side. 
81 

189)1825 
1701 

1986)12400 
11916 

484 
11 163 
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2. Required tlie side of a square tract of land that 
shall contain 325 acres. Ans. 57 chains. 



PROBLEM n. 

To lay out a given quantity of hnd in a rectangular form, 

having one side given. 

RULB. 

Divide the given content by the length of the given 
side, the quotient will be the length of the required side. 

BXAMPLBS. 

1. It is required to lay out 120 acres in a rectangular 
form, the length of one side being given, equal 100 
perches. 

Acres. 

120 

4 

480 
40 



1,00)192,00 

192 Per. the length of the other side 

2. The length of a rectangular piece of land is 8 
chains ; what must be its breadtli, that the content may 
be 5 acres ? 

Ans. 6.25 chains. 
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PROBLEM m. 

To hy out a given quantiiy of land in a rectangular form^ 
having the length to the breadth^ in a given ratio. 

RULB. 

As the less number of the given ratio, 
Is to the greater ; 
So is the given area, 
To a fourth term.* 

The square root of this fourth term will be the lengtli 
required. Having the length, the breadth may be found 
by the preceding problem. Or it may be found in the 
same manner as the length. Thus, 

As the greater number of the given ratio. 

Is to the less ; 

So is the given area, 

To a fourth term. 

The square root of this fourth term will be the breadth 
required. 

BXAMFLBS. 

1. It is required to lay out 864 acres in a rectangular 
form, having the length to the breadth in the ratio of 
5 to 3. 



* DEXOfonuTum. Let ABCD, Fig. 85, be a rectangle, and ABFE and 
AHGD bo squares on the greater and less sides respectively : then (1.6) AD 
: A£(AB) : : the rectangle AC : sqoareAF. AlsoAB : AH(AD) : : the 
rectangle AC : sqnan* AG. Hence the troth of the rule is evident 
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864 A= 138240 P. 

Sq, P. Sq, F. 

As 3 : 5 : : 138240 : 230400 
y/ 230400=480 Perches, the l^igth required. 

Sq, P. Sq. P. 

As 5 : 3 : : 138340 : 82944 
y/ 82944=288 Perches, the breadth required. 

2. It is required to lay out 27 A. 3 R. 20 P. in a rect- 
angular form, having the length to the breadth in the 
ratio of 9 to 7. Ans. Length 75.725 P. Breadth 58.897 P. 

PROBLEM IV. 

To lay out a given quantity of land in a rectangular 
fomij having the length to exceed the breadth by a given 
difference. 

RULE. 

To the given area, add the square of half the given 
difference of the sides, and extract the square root of the 
sum ; to this root, add half the given difference for the 
greater side, and subtract it therefrom for the less.* 



* Demonstration. Let ABCD, Tig, 86, be a rectangle ; in DC let DE 
be taken equal DA or BC, and let EC be bisected in F ; then (6.2) DF«= 
DC X DE-{- FC2=DC X AD-f- FC2=the rectangle AC-f the square of half the 
difference of the sides DC, DA ; also DF+FC=:DC, the greater side, and DF 
— FC=DE or DA, the less side. 

This problem may be neatly constmcted thus: take EC equal the given 
difference of the sides and bisect it in F ; make EG perpendicular to EC and 
equal to the square root of the given area, and witji the centre F and radius 
FG describe the arc DG meeting CE produced in D : make DA perpendic- 
ular to DC and equal to DE, and complete the rectangle ABCD, which will 
be the one required. Since (47.1.) FG2=EGHEF2=the given area+the 
square of half the given difference of the sides, the truth of the constructioQ 
is plain, from the preceding demonstration. 
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EXAMPLES. 

1. It IS required to lay out 47 A. 2 R. 16 P. in a rect- 
angle, of which the length is to exceed the breadth by 
80 perches* 

2)80 P. 47 A. 2 R. 16 P.r=7616 Per. 
— 1600 
40 



40 v/ 9216=96 
half diff. add and subtract 40 



1600 



length 136 

breadth 56 

2. It is required to lay out 114 A. 2R. 33.4 P. in a rect- 
angular form, having the length to exceed the breadth 
by 15.10 ch. Ans. Length 42.25 ch. Breadth 27.15 ch. 

PROBLEM V. 

To lay out a given quantity of land in the form of a trir 
angle or parallelogram^ one side and an adjacent angle 
being given. 

RULE. 

For a triangle. 

As the rectangle of the given side and sine of the 
given angle, 

Is to twice the given area ; 

So is radius, 

To the other side, adjacent to the given angle. 

Then having two sides and the included angle given, 
the other angles and side, if required, may be found by 
trig, case 3. 
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t 

For a parallelogram. 

As the rectangle of the given side and sine of the 

given angle, 
Is to the given area ; 
So is radius, 
To the other side, adjacent to the given angle.* 

BXABfPLES. 

1. Let AB, BC, Fig. 87, be two sides of a tract of land; 
the bearing of AB is S. 87i^ W. dist. 16.25 ch. and the 
bearing of BC, N. 27i° E. ; it is required to lay off 10 
acres by a straight line AD, running from the point A, 
to the side BC. 

Bearing of B A, N.87i^R 
BC,N.27i E. 

Angle B, 60*^ 

A A Rs/ • p 5 AB 16.25 ch. - - Ar. Co. 8.78915 
AS A15X sin. u J sin. B, 60° - - 0.06247 

: twice the given area 200 sq. ch. - - 2.30103 
: : rad. 10.00000 



: BD 14.21 ch. 1.15265 



* Demonstration. It is demonfitrated« prob. 3. chap. 3, Content of Land, 
that rad. : sin. B : : ABxBD : 2ABD (see Fig. 87); therefore (1.6 cor.) 
nd.xAB : sin.Bx AB : : ABxBD : 2ABD,or(ia5)8in.BxAB: 2ABD 
: : rad.xAB : ABxBD : : rad. : BD. Since ABDF is equal to 2ABD, 
the trutl) of the rule for the parallelogram is evident 

This problem may bo constructed as follows ; take AB equal the given 
side and draw BC making the angle B equal to the given angle ; make BE 
perpendicular to AB, and equal twice the given area of the triangle divided 
by the given side, or equal tlie given area of the parallelogram divided by 
the given side ; and parallel to AB, draw £!F cutting BC in D, and join DA ; 
then will ABD be the triangle required; or complete the parallelogram 
ABDF, for the one required. The reason of the construction is plain. 
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2. Given the side AB, jF*^. 15, of a paraUelogram, 
equal 20 ch. and the angle A eS'' SOf; required the side 
AC, that the content may be 21^ acres. 



AflABysin aJ^^^^^- 



Ar. Co. 8.69897 
0.04821 

: the given area 215 eq. dh. - - - * - 2.33244 

::rad* 10.00000 



: AC 12.01 ch. ^ 1.07962 

3. Given one side of a triangle, equal 30 perches, an 
angle adjacent to this side 71"^ 15', and the area 2 acres ; 
required the other side adjacent to the given angle. 

Ans. 22.53 perches. 

4, Given one side of a parallelogram, equal to 32.26 
ch., an angle adjacent to this side 83^ 30^, and the area 
74 acres ; required the other side adjacent to the given 
angle. Am. 23.09 ch. 



PROBLEM VI. 



The area and base of a triangle being given^ to cut off a 
given part of the area by a line running from the angle 
opposite the base. 



BULB. 



As the given area of the triangle, 

Is to the area of the part to be cut off; 

So is the given base. 

To the base corresponding to that area.* 



* The truth of this rule is manifest from 1.6. 

Y 
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EXAMPIJES. 

!• Given the area of the triangle ABC, F\g. 88, equal 
650 square perches, and the length of the 3ase AB, 40 
perches ; it is required to cut off 290 perches towards the 
angle A^ by a line running from the angle C to the base. 

ABC. ADC. AB. AD. 
As 650 : 290 : : 40 : 17.85 per. 

2. In a triangle ABC, there are given the area 27 A. 
1 R. 16 P. and the base AB 35.20 ch., to cut off 10 acres 
towards the angle B, by a line CD running from the 
angle C to the base : the part BD of the base is required. 

Ans. 12.87 ch. 

PROBLEM Vn. 

The area and two sides of a triangle being given, to cut 
off a triangle containing a given area, by a line running 
from a given point in one of the given sides, and falling 
on the other. 

RULE. 

As the given area of the triangle. 
Is to the area of the part to be cut off; 
So is the rectangle of the given sides. 
To a foinrth term. 

Divide this fourth term by the distance of the given 
point from the angular point of the two given sides ; the 
quotient will be the distance of the required point from 
the same angle.* 

* Demonstratioii. From the demonstration to ppob. 8, chap. 8, we have, 
Fig. 89. rad. : sin. A : : ABx AC : 2ABC, and rad. : sin. A : : APx AG 
: 2APG; therefore (11 &16.5) 2ABC : 2APG : : ABxAC : APxAG,or 
(15.5) ABC : APG : : ABx AC : APx AG; hence the truth of the rule is 
Bsanifest 



Cra&P. IF.] LAYING OUT AND DIVIDING LAND. 171 



EXAMPLES. 



"1. Given the area of the triangle ABC, Fig. 89, 5 
acres ; the side AB 50 perches, the side AC 40 perches, 
and the distance of a point P from the angle A, 36 
perches ; it is required to find a point G to which, if a 
line be drawn from the point P, it shall cut off a triangle 
APG containing 3 A. R. 20 P. 

Aa the triangle ABC 800 sq. p. Ar. Co. 7.09691 

: the triangle APG 500 2.698!>7 

- • ABvAC JAB 50 1.69897 

..AUXAC^^C 40 1.6020G 

APxAG 3.09691 

AP36 log. 1.55630 

AG 34.72 per. 1,54061 

2. Given the area of a triangle ABC, 1 2 A. 1 R. 23 P. 
the Bide AB 20 ch., the side AC 10.25 ch., and the dis- 
tance of a point P ia the side AB, from the angle A 8.50 
ch. ; it is required to find the distance AG of a point G 
in tlie line AC, so that a line drawn from P to G may 
cut off a triangle APG containing 3 acres. Ans. 9.25 ch. 

PROBLEM Vin. 

The area and lase of a triangle being given, to cut of a 
triangle containing a given area, by a line running pa- 
rallel to one of the sides. 



As the given area of the triangle, 

Is to the area of the triangle to be cut off; 

So is the square of the given base, 

To the square of llie required base. 
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The square root of the result will be the base of the 
required triangle.* 



EXAMPLES. 



!• Given the area of the triangle ABC, Fig-. 90, 500 
square perches, and the base AB 40 perches ; it is re- 
quired to cut off* 120 sq. per. towards the angle A, by a 
line DG running parallel to the side BC. 

As the triangle ABC 500 - - - Ar. Co. 7.30103 

: the triangle ADG 120 2.07918 

. . TO 5 AB 40 1.60206 

• • ^^^ ( AB 40 1.60206 

: AD^ 2)2.58433 

AD 19.6 per. 1.29216 

2. Given the area of a triangle ABC, 10 acres, and 
the base AB 25 ch., to find BD a part of the base, so that 
a Une DG running from the point D, paraUel to the side 
AC, may cut off* a triangle BDG containing 4i acres. 

^ln5.BD= 16.77 ch.t 



^ The truth of this rule is manifest from 19.6. 

This problem may be neatly constructed as follows : Let ABC, Fig. 90, be 
the given triangle, and AB the given base ; on AB describe the semicircle 
AEB, and take AF to AB in the ratio of the part to be cut off, to the whole 
triangle ; draw FE perpendicular to AB, meeting the semicircle in E, join 
AE, and make AD equal to AE ; from D draw DG parallel to BC and the 
thing is done. For, join EB, and we have, by similar triangles, AB : AB 
: : AE : AF; therefore (20.6 cor. 2.) AB : AF : : AB3 : AE2 (AD*) 
! : [19.6] ABC : ADG. 

f If it be required to produce two sides of a given triangle so far that th« 
triangle formed by these sides produced, and a line drawn between them 
parallel to the third side, may contain a given area, it may be done by the 
above rule. Thus, Fig. 90, ADG : ABC : : AD^ : AB^ 



CRAP. IT.] lATING OUT AND DITIDING LAND. 173 

PROBLEM IX. 

The hearings of two adjacent sides AD, AE, Fig. 91, of a 
tract of land being given^ to cut off a triangle ABC can 
taining a given area by a line BC naming a given course. 

RULB. 

From the given bearings of the lines, find the angles 
A, B, and C ; then, 

As the rectangle of the sines of the angles A and B, 
Is to the rectangle of radius and sine of the angle C ; 
So is twice the given area, 
To the square of the side AB.* 

In like manner the other sides may be found; or 
having found one side, the others may be found by trig, 
case 1. 

EXAMPLES. 

1. Let the bearing of AD, Fig. 91, be N. 8T 3a E. 
and of AE, N. 27^ SC E, ; it is required to cut off 10 
acres by a Une BC running N. 38*^ W. 



* The truth of this rule is evident from the demonstration to prob. 4, 
chap, a 

ConstructioTL Draw AD, AE, (Fig. 92,) according to the given bearings^ 
and in AD take AF equal the square root of the given area, and on it describe 
the square ATOH; make IE=AI, and draw ED, according to the reverse 
bearing of the division line BC, meeting AD in D ; on AD describe a semi- 
circle, and produce GF to meet it in K, join AK and make AB equal to it ; 
draw BC parallel to DES, and ABC will be the triangle requin^d. For join 
IF, EF and KD; then (31.3, and cor. 8.6) AD : AK (AB) : : AK (AB) 
: AF ; or (cor. 19.6) AD : AF : : ADE : ABC ; but (1.6) AD : AP 
: : ADE : AFE; therefore (11.5) ADE : ABC : : ADE : AFE, and con- 
■equently (9.5) ABC=AFE; but because AI=IE, AFE=2AFI=(4U) 
AFGH; therefore ABC=AF6H=the given area of the triangle. 
15* 
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ADjN.SrSCE. 
AE,N.27 30 E. 



BA, S. 87" 30" W. 
BCN.38 00 W. 



CA, S. 2r 30- W. 
CB,S.38 00 E. 



Angle A, 60 00 125 30 Angle C, 65 30 

180 00 



Angle B, 54 30 

Ab sin. Axsin B J ^ ^^° ^ ^- ^- ^-^247 
ABsm. Axsm. u, ^gg^ 3Q ^ 0.08931 

•radxsinC \^^^ ^^ ^'^^^^^ 

. raa.xsin.v., ^^^^^ 10.00000 

: : twice the given area, 300 sq. ch. > - - 2.30103 
:AB» 2)2.41183 

AB 16.07 1.20591 

2. Given the bearing of one side of a tract of land, 
S. 53° 15' £2., and the bearing of an adjacent side taken 
at the same angle, N. 55° 00* E., to cut off 4 acres by a 
line running N. 4° 00* W. ; required the distance on the 
first side. Ans. 9.76 ch. 



PROBLEM X. 

7^ bearings of three adjacent sides, EA, AB, BF, Fig. 93 
or 94, of a tract of land, and the length of the middle 
side AB, being given, to cut of a trapezoid ABCD, con- 
taining a given area, by a line HC, parallel to AB. 

RULE. 

From the given bearings find the angles A and B ; add 
these together, and take the difference between their sum 
and 180°, and call it P. Then, 

As the product of the sines of A and B, 
Is to the product of radius and sine of P ; 
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So is twice the area to be cut ofi^ 
To a fourth term. 

When the sum of the angles k and B is greater than 
180'^ add this fourth term to AB^ ; but when the sum of 
these angles is less than 180% take the difference between 
this fourth term and AB*. The square root of the re- 
suit will be DC. Then, 

As the sine of P, 

Is to the sine ofB, 

So is the difference between DC and AB, 

ToAD.* 



* DiHoiwrjEULTioii. Produce £A and FB» Fig. 85, to meet in P. Then 
(10.6) PDC : PAB : : CD* : AB2, or (17.5) ABCD : PAB : : CD2— AB» 
: A», or (A.5) PAB : ABCD : : AB« : CD^-A^, or (15.ia6) 2PAB : ABi 
; : 2ABCD : CD^— AB?. But by the demonstration to prob. 4, chap. 8, 
2PAB : AB9 : : sin. Axsin. B : rad.Xsin. P. Consequently, (11.5) 

sin. Axsm. B : rad^Xain. P : : 2ABCD : CDs— AB^. 

Now it is plain that ABS, added to this fourth term, gives CD^. A similar 
demonstration applies when the sum of the angles A and B is less than 180^, 
as in Fig. 94. The latter part of the rule does not require demonstration. 



Construction, Draw AI, Fig. 08, perpendicular to AB, and make it equal 
to the quotient of twice the given area divided by AR From I, draw IH 
parallel to AB meeting AE and BF, in G and II, and on GH, describe the 
semicircle GMH. From A, draw AL parallel to BF ; and make LM perpei^ 
dicular to GH. With the distance HM and centre H, describe the arc MN ; 
and from N, draw ND parallel to AJL Lastly, draw DC parallel to AB, and 
it will be the division line required. For join BD, BG, and CG, Fig. 95. 
Then by similar triangles PG : PD : : GH : DC : : GH : HM : : HM 
: HL : : DC : AB : : PC : PR Hence (3.6) CG is parallel to BD; and 
consequently the triangle BDC is equal to BGD. To each of these, add ABD. 
Then we have ABCD= ABG. But it is plain from the construction that ABO 
is equal to the given area. Hence ABCD is equal to the given area. 

When the mim of the angles A and B is lest than 180^, as in f^. 04| 
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EXAMPLKS. 

1. Giyen the bearing of EA, Fig. 93, West, AB, N. 
KT EL dist 15 ch. ; and BF, N. 58° SO* E. to cutoff 10 
acres by a line CDj running parallel to AR Required 
the length of the divi8i(xi Une and the distance AD. 

AE, N. 90° K BF, N. 58° SO' E. A, 80» O' 

AB, N. 10 E. BA, S. 10 W. B, 131 30 

A = 80° 48° 30 211 30 

180 180 

B=131 30 P=31°30' 



4 



As sin Ay 8in B 5 ^' ^^° ^ ^'■- ^' ^"^^^ 

ABSin.Axsm.u, <g J3J ^ 0.12554 

•Rad.VBin.P 5^^^^ 10.00000 

. itafl-XBuur, Jp^ 3j 30 .... 9.718O9 

: : twice the given area 200 sq. ch. » - - 2.30103 

: fourth term 141.68 2.15131 

AB»=225. 

DC= / 366.68= 19.15 ch. 



As sin. P, 31° 30^ - - Ar.Co. 0.28191 

: 8in.B, 131 30 9.87446 

: : DC— AB, 4.15 0.61805 

: AD 5.95 0.77442 



the aemiciTcIe nnut be described on AB; the pdnt L must be deter* 
mined by drawing GL parallel to FB : and the arc MN must be described 
with the radius BM and centre B. The other parts of the constmction are 
the same as before. 
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2. Given the bearings of three adjacent sides of a 
tract of land and the length of the middle one as follow ; 
1st. N. 20° W. ; 2d. N. 60*^ 3(y R dist. 6 ch. ; 3d. S- 61^ 
30^ E. ; to cut ofif a lot containing 2i^ acres, by a line 
parallel to the 2d side. Required the length of the di- 
vision line and the distance on the 1st. side. 

Ans. Division line 8.70 ch. ; distance on 1st 

side 3.45 ch. 

3. Given as foUow ; 1st. side N. 31^ 15' W. ; 2d. N. 
58*^ 45' E. dist. 13.50 ch. ; 3d. S. 14° 45' R ; to cut off 8 
acres by a line parallel to the 2d. side. The length of 
the division Une and the distance on the 1st side are re- 
quired. Ans. Division line 11.61 ch.; distance on 

the 1st side 6.38 ch. 



PROBLEM XI. 

The bearings of three adjacent sides ElA, AB, BF, Fig. 96, 
i^a tract qfland^ and the length of the middle side AB 
being givenj to cut off' a trapezium^ ABCD, containing a 
given area, by a line CD, running a given course. 

RULB. 

Draw AS parallel to BF, meeting CD or CD pro- 
duced, in S. From the given bearings, find the interior 
angles A, B, C, and D ; add A and B together, and take 
the difference between their sum and 180% and call it P. 
Then, 

As the product of the sines of C and D, 
Is to the product of radius and sine of P ; 
So is twice the area to be cut off, 
To a fourth term. 

Z 



-w 
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Also, as Uie product of Uie »incs of C and D, 
Is to tlie product of the sines of A and B ; 
So is AI^, 
To a fourtli term. 

When the sura of the angles A and B, is greater than 
ISO", add these Iwo fourtii tcnns together; but when 
the sum of these angles is less than 1 SO', take the dlifer- 
ence ol' the fourth terms. The square root of tlie result 
wUl be C0. Then, 

As, sin, C : Bin. B : : AB : CS. 

The difference between CD and CS, gives DS. Tiien, 

As, sia. P : sin C : : DS : AD.* 



• Dbmonstratioh. Produce E A nnii FRFig.OT.lo meetin P; draw AR 
and BU, ejich [utmllcl to CD. and let V^V, aim pnmlkl to CD, otake Uio 
Uinngle PV\V e'H'ul to PAB. Then (15,6) PA : PV : : PW : PB; but 
(4.fl) PA : PV : : AR : VW. antl PW : PB ; : VW : BU. Thenrfhre 
CIL-IJ AB : VW : : VW : BU. and hence (,n.G) ,\B,xBU=VWi. But 
by tcjgononietry. 

As sin. AttB (sin. C) : eln. B : : AB : AR. 
sio. AUB (sio. D) : nil A : : AB ; BU. 



Cxaii 



Hence (23.&) As sii 

Or. Bin. Cx sin 

And lij the demonslnlioi 
tin. CXein. D : ntd.Xa 



D : Bin. AXsin. 1 



I the rule in the lut prolilpci, we han 
' : : aVWCDC2ABCD) : CD^i— VW*. 



The Bum orth^G fbarih tenna gives CD^. The demoDstration is simtlu, 
wheu the aumoTilie angles A and Bislesathan 190°. 

Ounsfruclion. From B, Fig. 06, draw BU according to the reverse bear- 
ing or the division tine DC, mectio^ GA or EA produced in V. Unko AI 
pcTpendiciiW lo AR, and cqiiitl to ilie quotient ortwice the given area, divi- 
ded Iiy Aa Dmw IG parellcl to AB; GH iwmiUel to BU; and UL parallel 
to BF. On Gil, deecribo the aemicircle CAUI, and make LM perppnJicuUr 
to Gil ; with the ruliiis HM and centre II. describe tlie arc MN ; and fmm N, 
dnw ND parallel to UL Froni D, draw the division line DC iwraUel to Bl^ 



I 

1 
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BTAMFLBS.- 

1. Let the bearings of EA, Fig. 96, be N. 80° 3(y W. ; 
AB, North, dist. 12 ch. : and BF, N. 58° E. ; it is re- 
quired to cut off 10 acres by a line DC, running N. 14° 
3ffW. 

AE, S. 80^ 3a E. BF, N. 58° E. CB, S. 58° 00' W 
AB,N. 00 E. BA,S. E. CD,S. 14 30 E 

80 30 58 C=72°3a 

180 180 

A= 99° 30^ B=I22 

DA, N. 80° 30 W. A = 99° 3a 

DC, N. 14 30 W. B=:122 00 

D=66°0O 221 30 

180 00 

P=41 30 

A--;« nx^«« n5C,72°3a- - -Ar.Co. 0.02058 

^""•^^™**^)D,66 00- - - 0.03927 

^ , ^ . p 5 rad. 10.00000 

: raa.X8in.r, J p^ 41 30 9.82126 

: : twice the given area 200 sq. ch. - - - 2.30103 
. fourth term 152.1 2.18214 



When the sum of the angles A and B is less than 180^, the semicircle 
most be described on BU; tiie pomt L must be detennined by drawing GL 
parallel to BF, and the arc MN must be described with the radius BM and 
centre BL 

The demoostration is exactly the sune as that for the constmctioii of the 
last problem. 

12 
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Aa-;«rx,- n5C TySC i\r.Co. 0.02058 
ASBm.i^Xsm. i^,< jj ggQQ _ 0.03927 

. . . ^ . n V A 99 30 9.99400 

. Bin.AX8m.jj, <g J22 00 9.92842 

. n, 5 AB 12 1.07918 

''^*^ I AB 12 1.07918 

: fourth tenn 138.24 2.14063 

fourth term 152.10 

DC= v' 290.34= 17.04 

As sin. C 72° SO' Ar. Co. 0.02058 

: sin. B 122 00 9.92842 

::AB12 --.. 1.07298 

: CS 10.67 --.. 1.02818 

DC 17.04 

DS 6.37 

ABan.P4VBff Ar. Co. 0.17874 

: sin. C 72 30-- 9.97942 

::DS6.37 0.80414 

: AD 9.17 0.96230 

. 2. Given the bearings of three adjacent sides of a tract 

of land and the length of the middle one as follow : 1st. 
N. 31° 15' W. ; 2d. N. 58° 45' E. dist. 13.50 ch. ; 3d. S. 
14° 45' R; to cut off 8 acres by a line from the 1st. side 
to the 3d. running S. 87° 30' E. ; required the length of 
the division line and the distance on the 1st side. 

Ans. Division line 12.76 ch. ; distance 
1st. side 2.69 ch. 

3. Given as follow ; 1st side, N. 74° 45' W. ; 2d. N, 
3r E. dist. 17.24 ch. ; 3d. N. 84° E. ; to cut off a field 
containing 20 acres, by a line from the 1st. side to the 3d 
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niDDiDg N. 30° E. Ilic length of the division line aod 
the distance oa the 1st side are required. 

Jns. Division line 19.68 ch. ; distance 
on IsL side 14.01 ch. 

PROBLEM Xn. 

TTiehMrings^seperul adjacent $ides,EA,AV,YWtWX., 
XB, BF, Fig. 98, ^ a trad of land, and the distance ^ 
eachy except tbe^firtt and but, being gioen, Ut aduff a 
given areot by a line DC, rtmntTig a given course. 



Join AB and calculate the area of AVWXBA, and 
the bearing and distance of AB. Subtract the area of 
AVWXBA from the area to be cut off, the remaindec 
will be the area of AfiCD. Then with the bearings of 
EA, AB, BF, DC; the distance AB, and the area of 
ABCD, proceed as in the last problem. 

BXAlin.18. 

I. Let the bearing of EA, Fig. 98, be N. 48° 30' W. 
AV, S. 78° W. dist. 8ch.; VW, N. 26° 30- W. dist 
11.08 ch.; WX, N. 38° 30" R dist. 12.82 ch.; XB, & 
64° E. dist. 10.86 ch. ; and BF, S. 86° E. It is required 
to cut off 30 acres 1^ a line DC, running N. 33° 15' E. 



SUL 


Beming, 


Dili. 


IS. 


a 


E. 


W. 


E. ao 


VV.D.D, 


"."'": 


\.,^r 


S. AfCM. 


AV 


aTB-W 


800 




1.66 




7.83 




13.79 


(U»E 






VW 


N-ee^w 


11.08 


9.31 






4.9S 




1S.78 


ie.79W 




1SC649B 


wx 


N-aSJE 


13.83 


10.03 




7,98 




aos 




0.T5W 




97,7985 


SB 


8.ME 


10,86 




tTB 


0.76 




17.74 




7,99 E 




380384 


BA 








11352) 


j(4.9G) 


480 




1179 E 




172,9208 




l« 




W.M 


I9.M 


17.7, 


"■" 


8S.&7 


Si 67 


sa. 


cLi 


435 39i& 

7.«B77i 



182 ' lilTIKa 4toT AND DIYIDINO LAND. [gHAP. PT. 

■*• . 8q. cbu 



Area to be cut off 300. 



^f Area of AVWXBA 217.69775 



■•*■ 



Axea, of ABCD* 82.30225 

As diE of laU of BA, 13.52 S. At. Co. 8.86902 

: dep. do. - - 4.96 W. 0.69548 

::rad. 10.00000 

• 

*^ : tang of bearing ofBA,S. 20° 9* W.*- - - 9.56450 

Asrad. Ar.Co. 0.00000 

: sec. of bearing 20° 9* 10.02743 

::di£oflat 13.52 1.13098 

:BA14.40- -*- -.----.. 1.15841 

The angles, found from the bearings, are A=lll° 21', 
B=:106° 9", C=61° 45', D=80» 43 and P=3r 30". 

' Assin Cvsin D^^'^l"'*^'- * -Ar.Co. 0.05508 
A8sm.l,Xsin.lJ<pg^^g_ _ _ 0.00568 

• radxsin P J™^* 10.00000 

. raa.xsm.r, J p^ 37 30 9.78445 

• : twice the area ABCD 164.6 sq. ch. - - 2.21643 
: fourth term 115.25 2.06164 

AS sin. ^.xsm. Dyijy g^ ^ _ 0.00568 

•sinAxsinR 5 A, 111 21 .... 9.96912 
. sm.Axsm.«, <B^ iQg 9 .... 9.93251 

. . ™ S AB, 14.40 .... 1.15836 

• • ^^ J AB, 14.40 .... 1.15836 

« fourth term 213.36 2.32911 

do. 165.25 

DC=>/ 328.61 =18.13 
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As sin. C, 6r45' Ar. Co. 0.05508*^ 

n sin-B, 106 9 - - . .^. - 9.9825J : i 

s:AB, 14.40 - -1.15836 '*^: 

^ 

: C8, 15.70 1.19595 > 

Assm.P,3r30^ Ar. Co. 0.21555 

: sin. C, 61 45 9.94492 

::DS^2.43 0.38561: 

: AD, 3.52 *• 0.54608 

2. Given as foUoW; 1st side, N. 62^ 15" W. ; 2d. N. 
19^ R dist 18ch.; 3d. S. T7° E,dist. 15JS85 ch. ; ^th. S. 
27^ R ; to cut off 35 acres by a line, from the first side 
to the last, running N. 82^ 30^ R Required the length 
of the division Une, and the distance on the first side. 

Afu. Division line 22.98 ch. t distance on IsL 

side 5.14 ch. ^ 

PROBLEM Xra. 

TTie bearings of several adjacent sides^ AB, BC, CD, DE, 
Fig. 99, (fa trad of land, and the distance qfeach^ ex- 
cept the last^ being given^ to cutoff^ a given area by a line 
AH running from the angle A, and falling on the 
ncfeDR 

B|y Prob. 9, chap. 1, change the bearings of all the 
given sides, so as to make the side, on which the division 
line is to fall, a meridian. 

With the given distances and changed bearings, find , 
the corresponding differences of latitude and departures; 
add togeUier the numbers in each departure column, 
and take the difference of their sums, which will be the 



^^ 
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'J 

departure of the division line, and must be placed in the 
proper colunm, opposite said line. Then having all the 
departures, find the double departures, as in Prob. 1 1. of 
the last chapter. Find al&o the multipUers, beginning 
with the one to correspond with the division line, and 
assuming it ; multiply the known differences of latitude 
by their corresponding multipUers, and |dace the pro- 
ducts in the proper columns of north and south areas. 

Add together the products in eachof the columns of 
'% areas, and subtract the less sum from the greater ; take 
the difference between die remaind)^ and douUe the area 
to be cut off, and divide it by the multipUer correspond- 
ing to the side on which the division Ihie is to fall ; the 
quotient will be the difference of latitude of this side, 
which place against it, in the column of north or south 
latitude, according as its changed bearing is north or 
south. Then add together the numbers in each latitude 
column, and take the difference of their sums, which will 
be the difference of latitude of the division line, of the 
same name with the less sum. 

With the difference of latitude and the departure of 
the division line, find, by Prob. 10, chap. 1, its changed 
bearing and its distance. Then find the true bearing by 
note to the rule in Prob. 9, chap. 1.* 

EXAHPLBS. 

1. Let the bearing of AB be N. 62^° W. 14.75 ch. ; 
BC, N. 19^ R 27ch.j CD, S. T7° E. 22.75 ch.; and 
DE, S. 27° E. ; it is required to cut off 70 acres by a 
Une AH, running from the angle A and falling on the 
side DE. 



* The reaflon of this rule is sufficiently obvious without a demonstntion. 
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: tang, changed bear, of HA, 8.79" 34' W. 1073458 

Subtract 27 00 



True bearing of HA, S. 52 34 W. 
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Asrad. Ar. Co. 0.00000 

: sec. changed bearing of HA, TQ'' 34' « 10.74210 
; : diff. lat 5.22 0.71767 

: difit. AH, 28.83 1.45977 

Hence AH, bears N. 52^ 34' E. dist 28.83 ch. 

2. Given as foUow : 1st. side S. 78^ W. 8 ch. ; 2d. N. 
26J^ W. 11.08 ch. ; 3d. N. 38J^ E. 12.82 ch. j 4th. S. 64° 
E;i0.86ch.;5th. S.23FE.; to cut off 25 acres by a line 
running from the place of beginning, and faUing on the 
5th. side ; required its bearing and distance. 

Am. N. 45° 1' R dist. 10.67 ch. 



PROBLEM XIV. 

The sides AB, EC, CA, Fig. 100, of a triangular piece of 
ground being gwen^ to divide it into two parts having a 
given ratio, by a line FE, running parallel to one ^ the 
sides as BC. 

RULE. 

As the sum of the numbers expressing the ratio of the 

parts, 
Is to that number of the ratio which corresponds to the 
. part to be adjacent to A ; 
So is the square BC, 
To the square of FE. 

Then, As BC : AB : : FE : AF.* 



* DsMOKfiTRATioif. Let 111 to fi be the ratio of the part AFE to the par^ 
FECB; theD (105) m+n : m : : ABC : ADE : (19.6) BC:* : FE*. 

Construction, On AB describe the semicircle AMB, and by Prob. 17, 
Page 34^ divide AB in £[, so that AE may be to KB in the given ratio of the 
part AFE to the part FECB; draw EM perpendicular to AB; meeting tlw 
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BXAMPLBS. 

1. Let AB be 21.26 ck. ; BC, 12.76 ch.; and AC, 19.30 

ch. ; it is required to divide the triangle by the line FE, 
parallel to BC, so that the part AFE may be to the part 
FECB as 2 to 3. 

As 5 : 2 : : 12.76^ : FE?=65.12704. 

FE=v' 65.12704=8.07 
As 12.76 : 21J26 : : 8.07 : AF= 13.45. 

2. The three sides of a triangular piece of land, taken 
in order, measure 15, 10, and 13 chains respectively ; it 
is required to divide it into two equal parts by a line 
parallel to the second side. What will be the length of 
the division line and its distance from the place of begin- 
ning, measured on the first side ? 

Ans. Division line 7.07 ch.; dist. on 1st. side 10.61 clu 

PROBLEM XV. 

The bearings and distances of the sides AB, BC, CA, J^. 
101, rf a triangular piece of ground being given^ to cfih 
vide it into two parts having a given ratio^ by a line FE, 
running a given course. 

BULB. 

As the product of the sines of F and E, 
Is to the product of the sines of B and C ; 



aomicircle in M, and with the radius AM and centre A, deaeribe the are MP. 
From F, draw tiie division line F£ parallel to BC. Since, (85.8, and cor. 
a6) AB : AM(AF) : : AM(AF} : AK, wehavo(20.6cor.2) AB : AE : : AB» 

AF^ : : ABC : AFE. Hence tho truth of the construction is evident 



# 
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So is the square of BC, 

To a fourth term. 
Multiply this fourth term by that number of the ratio 
which corresponds to the part ttf be adjacent to the angle 
A, and divide the {»odnct by the sum of the numbers ex- 
pressing the ratio. The square root of the result will be 
FE. Then, 

As sin. A : sin. E : : FE : AF.* 



1. Let the bearing of AB, be S.82i''E.dist. 14.17 ch.; 
BC, N. 18i° W. 8.51 ch. ; and CA, S. 61*° W. dist 12.87 
cIl ; it is required to divide the triangle by the line FE, 
running N. 14^ £- so that the part AFE may be to the 
port FECB m the ratio of 2 : 3. 



* DntomrnuTioic. Draw CG and BR, Fig. 108, each parallel toEF; and 
let VW, also parallel to £F, make the triangle AVW equal to ABC. Then 
(15.6) AB : AV : : AW : AC; but (4.6) AB : AV : : BR : VW, and AW 
: AC : : VW : GC. Therefore BR : VW : : VW : GC ; and hence (17.6) 
ESLxQC=YVP. Bat hj trigonometry, 

Aaein. R (sin. £) : Bin. C : : BC : BR, 
sin. G. (sin. F) : sin B : : BC : GC. 

Hence (2a6) sin. £x sin. F : sin. Bxsin.C : : BO : BRxGC :: BC 
• VW*. 

Also, tn+n : m : : ABC : AFE : : AVW : AFE : : (19iB) VW« : FP. 

Construction, From C, Fig. 101, draw CG according to the reverse bear- 
ing of FE, and on AG describe the semicircle AMG. By proh. 17, page 34, 
'divide AB in.K, so that AK may be to KB in the given ratb of the part AFE 
t6 the part FECB. Draw EM perpendicular to AB, and with the radius AM 
and centre A, describe the arc MF. From F, and parallel to GC, draw FE 
the required division line. For join EC, Fig, 102 ; then (1.6) EC divides 
the trhngle in the given ratio. Now AC : A£ : : AG : AF (AM) : : (cor. 
0.6) AM (AF) : AE; therefore (11.5) AC : A£ : : AF : AE,and hence (15.6) 
fhe triangle AFE is equal to AKC. Consequently FE divides the trianglein 
the given ratia 
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Angle A=36i% B=63i°, C=80i% E=46i'' and F=83'. 

AsfflnEysmF 5 E, 46° 45' Ar. Co. 0.137e5 
A8sm.u.xsm.i<, ^p g3 ^ 0.00335 



: sin. Bxsin. C, 



B, 63 30 9.95179 

C, 80 15 9.99368 

. .nr» 5 BC, 8.51 0.92993 

..u^y ^BC, 8.51 - - - - - 0.92993 

: fourth tenn 88.35 1.94623 

2 

5)176.70 

FE=v^ 35.34=5.95 

As sin. A, 36° 15' Ar. Co. 0.22819 

: sin. E, 46 45 9.86235 

: : FE, 5.95 0.77379 

: AF, 7.32 0.86433 

2. The bearings and distances of a triangular piece of 
land ABC are, AB, S. 69° E. 21.40 ch. ; BC, N. 31i E. 
18.66 ch. ; and CA, S. 74i W. 30.85 ch. ; and it is re- 
quired to divide it by a line FE), running due north, so. 
that the part AEIF, may be to the part FECB, as 4 to & 
What will be the length of the division line FE, and the 
distance AF ? Atu. FE 10.74, and AF 17.40. 

PROBLEM XVI. 

The bearings and distcmces cf the sides AB, BC, CD, DA, 
fig. 103, ^ a trapezoidal tract of land being given, to 
divide it irtto tvoo parts having a given ratio, by a lint 
FE, naming parallel to the parallel sides AB, CD. 

ROTA. 

Multiply the square of AB, by that number of the ra/> 
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tio which corresponds to the part, to be adjacent to CD, 
and the square of CD, by the other number of the ratio. 
Add the two products together, and divide the sum by 
the sum of the numbers expressing the ratio*. The 
iquai^ root of the quotient will give FEL Then, 

As DC— AB : FE— AB : : AD : AF.* 

EXAMPLES. 

1. Let the bearing of AB be N. 14** E. dist. lOch. BC, 
N. 55i^ E. dist. 18.67 ch. ; CD, S. 14° W. dist. 20.98 ch. ; 
and DA, W. 12.70 ch. ; it is required to divide the trape- 
zoid into two parts by a line FE, parallel to AB or DC, 



* DmoMrrRATioN. Produce DA and CB, Fig. 104, to meet in P. Then 

. 09.6) PDC:PAB::CD«:AB», or (17.5) ABCD : : PAB : : CD»— AB' 

: AB?, or (16.5) ABCD : CD«— AB* : : PAB : AB«. In like manner ABEF 

: FE?^AB» : : PAB : AF. Hence (11.6) ABCD : CD^AB* : : ABEF : FE' 

— AB», or (ia5) ABCD : ABEF : : CD^Al^ : FE»— AB». Therefore m-i-n 

: m : : CD*— AB? : FE^AP, or multiplying extremes and means, m-fn FE* 
-STfnl AB'=m. CD"— «i. AB?. But (m+w.) AB*=m, AB'-f n. AB?. There- 
fore, adding equals to equals, we have tn+tL FE?=in. CD'+n. AB?. Hence 
the truth of the rule is evident 



CmutrucHon, Join CA, Fig. 103, and parallel to it, draw BH, meeting 
DA produced in H. Divide (prob. 17, page 34) HD in £ so that HK may be to 
KD in the given ratio of ABEF to FECD, and draw KL parallel to BC. On 
CD, describe the semicircle CMD,and draw LM perpendicular to CD. With 
the radius CM and centre C, describe the arc MN, and from N draw NF 
parallel to KL. From F, draw the division line FE paraUel to AB or CD. 
For join KC, Fig. 104, and draw KU parallel to AB. Then since BH is 
parallel to AC, the triangle AHC is equal to ABC ; and adding ADC to each, 
we have CHD= ABCD. Now (46) PC : PE : : CD : FE (CM) : : (cor. 8.6) 
CM (EF) : CL (UIQ : : PF : PK. Therefore (11.5) PC : PE : : PF : PK 
and hence (15.6) the triangle PEF is equal to PCK Ck)n6equently CKD= 
FECD. But it has been proved that CHD= ABCD ; hence taking equals 
from equals we have HCK=ABEF. But (L6) HCK : CKD : : HK : KD 
: : m ; n. Therefore ABEF : FECD : : « ; n. 
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SO that the part ABEF may be to the part FECD 
as 3 to 2. 

2. AB»=200. 
3. Ciy= 1320.4812 



5)1520.4812 



FE= ^ 304.0962= 17,44 

As 10.98 : 7.44 : : 12.70 : AF=8.61 

2. The boundaries of a trapezoidal field ABCD are 
given as follow ; viz. AB, N. 80^ W. 60 per. ; BC, N. 39J^ 
W. 45.5 per. ; CD, S. 80^ R 89.4 per. ; and DA, South, 
30 per. ; and it is required to divide it into two equal 
parts by a hue FE parallel to AB or CD. What will be 
the length of the division line FE, and the distance AF ? 

Ans. FE 76.13 per., and AF 16,46 pen 



PROBLEM XVn. 

The bearings and distances of the sides AB, BC, CD, DA, 
Fig. 105, of any quadrilateral trad of land being given^ 
to divide it into two parts having a given ratioy by a line 
FE^ running parallel to one of the sides as AB or CD. 

RULB* 

Call the side to which the division line is to be parallel, 
the parallel side ; and the one opposite. to this, the oppo- 
site side. From the bearings, find the angles. Take the 
difference between the sum of the angles adjacent to the 
parallel side and 180% and call it P. Then, 
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As the product of the sines of the angles adjacent to 

the parallel side, 
Is to the product of the sines of the angles adjacent to 

the opposite side : 
So is the square of the opposite side, 
To a fourth term. 

Multiply this fourth term by that number of the ratio 
which corresponds to the part to be adjacent to the 
parallel side, and to the product add the product of the 
square of the parallel side by the other number of the 
ratio ; and divide the sum by the sum of the numbers 
expressing the ratio. The square root of the quotient 
will be the length of the division line FE. Then, 

As the sine of P, 
Is to the sine of E; 

So is the difference between FE and tiie paraUel side. 
To the distance of F from the adjacent end of the 
parallel side.* * 



* Dkkorbtration. Produce DA and CB, Fig. 106, to meet ia P. Draw 
DR and CG each parallel to AB ; and let VW, also parallel to AB, make the 
triangle PVW equal to PCD. Then (15.^ PD : PV : : PW : PC. But 
(46)PD:PV::DR:VW,andPW:PC::VW:CG. Therefore (11.5) 
mi I VW : : VW : CG; and hence (17.6) DRx (XJ=VW2. But by trigo- 



As sin. CRD (sin. B) : sin. C : : CD : DR. 
sin. CGD (sin. A) : sin D : : CD : CG. 
Hence (2d.a) sin. Axsin. B : sin. Cxsin. D : : CD^ : DRxCG. 
Or, sin. Axsin. B : sm Cxsin. D • : DC? . VW*. 

Bat by the demonstration to the rule in the last problem, we have 

m+n! FEfc=m, VWM-n. AB^. 
Hence the truth of the rule is evident 

Onutrvction. From C, Fig. 105, draw OG parallel to AB, and on it de* 
seribe the semicircle CMG. 
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EXAMPLES. 



1. Let the bearing of AB be North, 13 ch. ; BC, N. 
56^° E. 30.78 ch. ; CD, S. 33i° E. 33.31 ch. ; and DA, S. 
80^° W. 30 ch. ; it is required to divide the tract into 
two parts by a line FE, parallel to AB, so that the part 
ABEF may be to the part FECD as 3 to 5. 

Angle A=80J% B=: 133i% C=90°, D=66°, and P=34°. 

As sin Avmn B 5^' ^"^^ ^'^' 0.00600 
AS8in.AXsm.B,<g^ 133 30 - 0.07889 

•sinCxsinD 5^' ^^ - - - - 10.00000 
. sin.^XBm.1^, < jj^ 66.00 - - - - -9.96073 

frj^ 5 CD, 33.31 1.34655 

..v.ir J CD, 33.31 1.34655 

: fourth term 547.93 3.73873 

3 



1643.76 
5AB»=730.00 



8)3363.76 



FE=v^ 395.47= 17.19 
As sin. P, 34° 00" Ar.Co. 0.39069 

: sin. E, 133 30 9.93111 

: : FE-AB, 5.19 0.71517 



.■J* 



: AF, 10.64 1.02697 



Join CA, and draw BH parallel to it meeting DA produced in H. Divide 
HD in K, so that HK may be to KD in the given ratio of the part ABEF to 
FECD. Djcaw EL parallel to BC and LM perpendicular to C6. With the 
radios CM and centre C, describe the arc MN. Draw NF parallel to EL 
and FE parallel to AB. Then will FE be the division line. When the di- 
\ision line is to be parallel to CD, the semicircle must be described on CD ; 
and the line CG need not be drawn. The deiiioBitE»tion of the oonrtraetion 
is the same as for the last problem. 

17 2B 
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2. The boundaries of a field ABCD are given as fol- 
low : viz. AB, S. 10i° W. 7.20 ch. ; BC, S. GT W. 12.47 
ch. ; CD, N. 23° W. 13.33 ch. ; and DA, S. 89° E. 18 ch. ; 
and it is to be divided into two parts by a Une FE, paral- 
lel to the side AB, so that the part ABEF may be to the 
part FECD, as 3 to 4. Required the length of the divi- 
sion line F£^ and the distance AF. 

Ans. FE 10.69 ch. ; and AF 7.15 ch. 

3. Given the boundaries of a field the same as in the 
preceding example, to divide it into two parts by a line 
FE, parallel to tiie side CD, so that the part ABEF may 
be to the part FECD, as 3 to 4. Required FE and AF. 

Ans. FE 10.14, and AF 10.16. 

PROBLEM XVm. 

The bearings and distances of the sides AB, BC, CD, DA, 
Fig. 107 y of any quadrilateral tract ofland^ being given^ 
to divide it into two parts having a given ratio by a line 
F£^ running a given course from some point in AD to 
another in BC. 

« 

RULE. 

Prom A, draw AS parallel to BC, meeting FE in S. 
From the bearings find the angles A, B, C, D, E, and F.* 
Take the difference between the sum of the angles A and 
B, and 180° and call it P. Then, 

As the product of the sines of the angles E and F, 
the product of the sines of the angles A and B, 
: the square of AB, 
a fourth term. 

Also, As the product of the sines of the angles E and F, 
: the product of the sines of the angles C and D , 



* It 18 immaterial whether it is the angle BEF or CEF, that is fband, tbo 
whether, AFE or DFE. 



I 



r 
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: : the square of CD, 
: to a fourth term. 
Multiply tills latter fourth term by tlmt numlior of the 
ratio which corresponds to the pjirt to ho adjacent to AB, 
and tlic other fourth term hy the other number of the 
ratio ; add the two products together, and divide the sum 
by the sum of the uuiobera expressing the ratio. The 
square root of the quotient will give the length of the di- 
Tision line FE. Then, 

Aa sin. E. : sin. B : : AB : ES. 
The difference between FE and ES, gives FS. Then, 
As sin. P. : sm. E : : FS : AF.* 

BXA»PLEa. 

1. Let the bearing of AB be North, dist. 12 ch.; BC 
N. 564° E. 20.78 ch.; CD, S. 33^ E. 22.21 ch.; and DA, S. 
BOJ' W. 30 ch. ; it is required to divide the tract into 
two parts by a line FE, running N. 20° W. so that the 
part ABEF may be to ttie part FECD as 3 to 5. 

Angle A=SOi=, B=1234% C=90°, D=66% E=76J°, 
F=79i'' and P=24''. 
A-««i?^*«r SE, 76" SC At. Co. 0.01217 

. . ^ - „ t A, 80 30 9.99400 

.sm-AXsm-U, JB,123 30 9.92111 

.« JAB, 12 1.07918 

'■'•^^ }AB, 12 1.07918 

: fourth term 123.87 2.09297 

5 

619.35 



■ The truth of Utis rule 'a evident fhim the demonMration to the nile ir 
th« last problem. 

VorulTuelian. Draw OG Recording to the reverae bearing of PE, and then 
proceed with tlie constructloa exactly ae in ili« list problem. 



^ 
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AssinEysinF i^ "^^^ ^^ " ^'''^' ^'^^^^^ 

Assm. r^xsin. r, < p^ ,j,g g^ _ 0.00733 

. p^ . p. 5c, 90 00 - - - - 10.00000 

: sm. t/xsin. L», ^ jj^ 66 00 - - - - 9.96073 

CD, 5>2.21 - - - - 1.34655 

22J21 - - - - 1.34655 



' ' ^^' \ CD, i 



: fourth term 471.33 2.67333 

3 

1413.99 
* 619.35 

8)2033.34 

FE=v/ 254.17= 15.94 

As dn. E, 76' 30* Ar. Co. 0.01217 

: sin. B, 123 30 9.92111 

: : AB, 12 - 1.07918 

: ES, 10.29 1.01246 

As sin. P, 24° 00* Ar.Co. 0.39069 

: sin. E, 76 30 9.98783 

::FS,5.65 0.75205 

: AF, 13.51 1.13057 

2. The boundaries of a field ABCD are given as fol- 
low : viz. AB, S. lOF W. 7.20 ch. ; BC, S. 67° W. 12.47 
ch. : CD, N. 23° W. 13.33 ch. ; and DA, S. 89° E. 18 ch. ; 
and it is to be divided into two parts ABEF and FECD, 
in the ratio of 3 to 4, by a line FE, running due South, 
Required the length of the division line FE and the 
distance AF. Ans. FE 10.10 and AF 8.12. 
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PROBLEM XIX. 

The boundaries of a tract of land ABCDEFGHIA, Fig. 
108, being given, to divide it into two equal parts by a 
line IN running from the comer I, and falling on the 
opposite side CD. 

RULE. 

Suppose lines drawn from I, to C and D, and calculate 
the area of the whole tract. 

Take the corrected latitudes and departures* of lA, 
AB, and BC, and by balancing find the latitude and de- 
parture of CI ; also calculate the area of the part I ABCI j 
from half the area of the whole tracts subtract the area of 
the part lABCI, the remainder will be the area of the 
triangle ICNI. 

Take the latitudes and departures of IC and CD, and 
by balancing find the latitude and departure of DI, and 
calculate the area of the triangle ICDI. Then, 

As the area of the triangle ICDI, 
Is to the area of the triangle ICNI ; 
So is the latitude of CD, 
To the latitude of CN. 

Also, As tne area of the triangle ICDI, 
Is to the area of the triangle ICNI ; 
So is the departure of CD, 
To the departure of CN. 



* It is the corrected latitudes and dcpartarct that are to be med throogb* 
out the calculation. 
17* 
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Now take the latitudes and departures of IC and C?f , 
and by balancing find the latitude and departure of the 
division Une NI; with which, find its bearing and 
distance.* 

EXAMPLES. 

1. Let the bearing of AB be N. 19° E. dist. 27 ch. ; BC, 
S. 77° E. 22.75 ch. ; CD, S. 2r E. 28.75 ch. ; DE, S. 52° 
W. 14.50 ch. ; EF, S. 15i° E. 19 ch. ; FG, West, 17.72 
ch.; GH,N. 36° W. 11.75 ch.; HI, North, 16.07 ch., 
and I A, N. 62° W. 14.88 ch. ; it is required to divide the 
tract into two equal parts by a line IN running fi-om the 
comer I, and falling on the opposite side CD. 

First calculate the whole area, thus : 

* This rale needs no demonstmtion. 
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To find the latitude and departure of CI, and area of the 

part lABCI. 



^ 


' N 
1 ^• 


S. 


£. 


w. 


E.D.D.W. D.D.I Mull. 

1 


N. A. 


S. Areas. 


lA 


6.97 






13.13 




30.98 


0.00 E 






AB 


25 51 




8.80 






4.:33 


4.33 W 




1 L0.4583 


BC 
CI 




5.13 


22.18 




30.98 




26.65 E 




136.7145 


(27.35) 


30.98 


(17.85) 


4.33 




30.98 E 




847.3030 
1094.4758 


32.48i 


32.48 


30.98 


35.31 


3531 





Area of lABCI (sq. ch.) 547.2379 

HaifazvaofABCDEFGHIA 762.6990 



AreaofICNI(8q. dL) S15.4611 



To find the area oflCDl. 



Sta. 
IC 
CD 
DI 


N. 


8. 


E. 


W. 


E.D.D. W.D.D.; Mult 

1 1 


N.A. 


S. Areas. 


27.35 




17.85 






13.07 


0.00 E 








25.64 


13.07 




30.92 




30.9*^ E 




792.7888 


27.35 


(1.71) 




(30.92) 


17.85 


13.07 E 




22.3497 


27.35 


30.92 


30.92 


30.92 


30.92 






815.1385 



AieaofICDI(8q.ch.) 407.5693 



As area of ICDI, 407.57 

: area of ICNI, 215.46 - - 

: : latitude of CD, 25.64 S. - 



Ar.Co. 7.38980 

- - - - 2.33337 

- - - - 1.40892 



', latitude of CN, 13.55 S. 

As area of ICDI, 407.57 
: area of ICNI, 215.46 - 
: : departure of CD, 13.07 E. 

: departure of CN, 6.91 E. 



Ar.Co. 



1.13209 

• 

7.38980 
2.33337 
1.11628 



0.83945 
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To find the latitude and departure of NI. 



Sta. 


N. 


S. 


E. 
17.85 
6.91 


W. 


IC 


27.35 






CM 
NI 


- 


13.55 




(13.80) 


(24.76) 


27.35 


27.35 


24.76 


24.76 



To find the bearing and distance of NI. 
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As diff. of lat of NI, 13.80 S. 

: dep. do. 24.76 W. 

: rad. --.--.- 



At. Co. 8.86012 

- - - - 1.39375 

- - - -10.00000 



: tang, bearing of NI, S. 60° 52" W. - - - 10.25387 



As rad. -.------ 

: sec. bearing of NI, 60° 52" - - 
: : diff. iat. do. 13.80 - - 



At. Co. 0.00000 

- -10.31261 

- - - 1.13988 



: dist. NI, 28.35 ch. 1.45249 

Hence IN bears, N. 60° 52* R dist. 28.35 ch. 

2. Given the boundaries of a tract of land as follow ; 
viz, 1st. S. 35i° W. 11.20 ch. ; 2d. N. 45° W. 24.36 ch. ; 
3d. N. 15i° E. 10.80 ch. j 4th. S. 77° R 16 ch. j 5th. N. 
87i° E.,21.50 ch. ; 6th. S. 60° E. 14.80 ch. ; 7th. South, 
10.91 ch. ; 8th. N. 85° W. 29.28 ch. to the place of be- 
ginning ; to divide the tract into two equal parts by a 
line running from the first station and falling on one of 
the opposite sides ; the bearing and distance of the di- 
vision Une are required. Ans. N. 7° 18' E. 15.28 ch. 

2C 



CHAPTER V. 



VARIATION OF THE COMPASS. 

A MERIDIAN indicated by the magnetic needle is not, 
in general, a true one ; for the needle does not point 
truly to the north point of the horizon, but varies from 
it, in some places to the eastward, and in others to the 
westward. 

The angle contained between the true meridian and 
that indicated by the needle, is called the variation of the 
compass. 

The variation is named east or west^ according as the 
north end of the needle points to the eastward or west- 
ward of the true north. 

As the variation is different in different places, so also, 
in the same place, it docs not remain the same, but 
differs sensibly in the course of a few years. Hence, 
in running a hne that was run a number of years pre- 
viously, the bearing will be found different from what it 
was at that time ; this, together with some difference in 
compasses, causes many difficulties, and frequently in- 
accuracies, in tracing old hues. 

202 



CHAP. V.J TARIATION OP THE COMPASS. 203 

The easiest way to guard against those difficulties and 
inaccuracies would be to make and return the surveys 
according to the true, and not the magnetic bearings. 
In order to do this, it will be necessary to know the va- 
riation of the compass for the place in which the survey 
is made ; and this may readily be found by first tracing 
a meridian line in the following manner. 

To draw a true meridian line hy means of the greatest 

elongation of the pole star. 

The pole star is situated about 1 J° from the true pole, 
and therefore apparently revolves round it, in a small cir- 
cle, once in about 23 h. 56 m. When at its greatest 
distance east or tuest from the true pole, it is said to be 
at its greatest east or west elongation* It is therefore 
evident that in the coiurse of one apparent revolution it 
must be twice at its greatest elongation, once to the east 
and once to the west. 

The following tables exhibit the times, nearly, of the 
greatest eastern elongations of the polef star for six 
months of the year, and of the greatest western elonga- 
tions for the other six months. The other greatest elon- 
gations take place in the day time, and are therefbre in- 
visible. Some of those inserted in the tables are also 
mvisible ; because they occur, either before dayhght is 
gone, in the evening, or after it has returned, in the 
morning. The most of those in the 3d, 4th, 9th, and 
10th months are in this situation. 

The time in the tables is reckoned from noon ; and 
therefore when it is less than 12 hours, the greatest elon- 
gation takes place in the evening of the same day ; but 
when it exceeds 12 hours, if 12 hours be subtracted from 
it, the remainder will be the time of greatest elongation 
in the morning of the following day. 
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Eastern Elongation. 



Days. 


4 mo. 


(Ap.) 


5 ma 


(Ma.) 6 roo. (Ju.) 7 mo. 

1 


1 > t 
(July) 8mo.^ Aug.) 9 ma (Sep.) 




H. 


M. 


H. 


M. 


H. M. 


H. 


M. 


H. M. 


H. M. 


1 


18 


18 


16 


26 


14 24 


12 


20 


10 16 


8 20 


7 


17 


56 


16 


3 


14 


11 


55 


9 53 


7 58 


18 


17 


ai 


15 


40 


13 2o 


11 


31 


9 30 


7 36 


19 


17 


12 


15 


17 


13 10 


11 


7 


9 8 


7 15 


25 


16 


49 


14 


53 


12 45 


10 


43 


8 45 


6 53 



Western Elongation, 



Days. 


10 ma (OcVn ma(Na) 


]2ma(De.)-lmo.(Ja.) 


2 mo. 


(Feb.) 


3nia(Mar.) 




H. M. 


IL 


M. 


H. 


M. 


H. M. 


H. 


M. 


H. M. 


1 


18 18 


16 


22 


14 


19 


12 2 


9 


50 


8 1 


7 


17 56 


15 


59 


13 


53 


11 36 


9 


26 


7 38 


13 


17 34 


15 


35 


13 


27 


11 10 


9 


2 


7 16 


19 


17 12 


15 


10 


13 


00 


10 44 


8 


39 


6 54 


25 


16 49 


14 


45 


12 


34 


10 18 


8 


16 


6 33 



In order to determine a true meridian, by the method 
here used, it is necessary to know the bearing of die pole 
star, called its azimtith^ at the time of its greatest elon- 
gation. This depends on the latitude of the place, and 
the distance of the star from the pole. This distance is 
called the polar distance of the star. It is subject to a 
small annual diminution^ which is called its annual preces^ 
sion. The polar distance of the star on the 1st. of the 
1st. month (January) 1830, was 1°35' 51"; and its annual 
precession is 19.3". 

The polar distance may be found for any subsequent 
time by multiplying 19.3", by the interval between the 
1st. of the year 1830, and the given time, and subtract- 
ing the product from V 35' 51". Thus, suppose the polar 
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distance of the pole star was required for the 1st. of the 
7th. month, (JiJy) 18451 The interval is 15.5 years; 
and 19.3" x 15.5 gives 299.15"=4' 59". From V 35' 51", 
take 4' 59", and we have V 3(y 52" for the polar distance 
of die star, at the time proposed.* 

When the polar distance of the pole star is known, its 
azimuth, at the time of greatest elongation may be found 
by the following proportion. 

As radius, 

Is to the secant of the latitude of the place. 

So is the sine of the polar distance, 

To the azimuth. 

This azimuth will be east or west, according as the 
elongation is east or west ; and consequently its name 
will be known from the preceding taUes. 

As an example, let the azimuth of the pole star, at 
Philadelphia, latitude 39° 57, be required, for the 1st. of 
the 7th. month (July) 1845. The polar distance found 
above is l"* 30' 52"; and it may be taken 1"* 31' without 
material error. 

As radius Ar. Co. 0.00000 

-.secant of lat. 39*^57' 10.11543 

::sin.ofpol.dist.l 31 8.42272 

: sm. of azimuth r 59' E. 8.53815 



* The polar distance obtained as above, is called the mean polar distance ; 
tnd it is sufficiently accurate for our present purpose. To obtain the true 
polar distance, two small corrections called aberration and nutation, woold 
have to be applied. 
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In order to observe the greatest elongation of the pole 
star, it will be necessary to prepare the following simple 
apparatus. 

Place two posts firmly in the ground, about three feet 
apart, and nearly east and west from each other ; the 
heights of the posts, which should be the same, may 
be about two or three feet ; on those posts, place a thick 
board or plank, five or six inches wide, and nail it fast to 
each of them, taking care that it be level or nearly so ; 
take a piece of board, a foot or eighteen inches long and 
four or five wide, and near the middle of it fasten a com- 
pass-sight perpendicularly ; this board is to sUde on the 
horizontal one already mentioned. 

Take a stiff pole 18 or 20 feet in length, and fix it in 
an inclined position, in such a manner that a plumb line 
suspended from the upper end, may be nearly north, 
from the middle of the horizontal board, and about ten 
feet distant from it ; the elevation of the pole must be 
such that the pole star, when viewed through the com- 
pass sight placed on the horizontal board, may appear 
a few inches below its upper end ; when in this position 
the lower end should be fastened in the ground, and the 
pole should be supported by a couple of crotchets placed 
near the middle. The plumb should weigh a pound 
or more, and should swing in a vessel of water, in 
order to prevent the line being agitated by the motion 

of the air. 

• 

The apparatus being prepared, proceed, about 15 or 
20 minutes previous to the time oiF greatest elongation 
as indicated by the table, to make the observation as fol- 
lows : Let an assistant hold a lighted candle near the 
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plumb line, so as to illuminate it and render it distinctly- 
visible; place the small board with the compass-sight 
attached to it, on the horizontal one, and move it east 
or west as the case may require, till the pole star, plumb 
line, and aperture in the compass-sight are aU in a direct 
range. If the star should be deviating to the east, it will 
leave the plumb-Kne to the west ; and the contrary, if 
deviating to the west ; keep therefore shifting the sight, 
till the star appears stationary behind the plumb-line; 
which it will do for several minutes at the time of its 
greatest elongation, and will then recede from the Une 
on the contrary side from which it did before it became 
stationary. The compass-sight must not be moved after 
the star has attained its greatest elongation ; but the ap- 
erture in it being then in a direct range with the plumb 
line and star, the board to which the sight is fixed, must 
be fastened to the one on which it slides, by a small tack 
passing through each end. This being done let an 
assistant take a straight stake, with a piece of lighted 
candle stuck on it, and go north to the distance of 30 or 
40 perches; then looking through the compass-sight, 
direct him to set up the stake perpendicularly, and m 
such a situation that the candle stuck on the top may 
appear exactly behind the plumb-Hne ; when thus placed, 
let it be firmly fixed in the ground. Next, let another 
straight stake be set up in the same manner near the 
plumb-line ; the remaining part of the work may then be 
left till morning. 

Measure accurately the distance between the two 
stakes. Then, 

As radius, 

Is to the tangent of the azimuth ; 

So is the distance between the stakes, in feet. 

To a fourth term, in feet 
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Lay off the distance contained in this fourth term 
from the northerly stake, and perpendicular to a line join- 
ing the two stakes ; it must be laid off towards the west 
if the azimuth is east, but towards the east if the azimuth 
is west. Next remove the northerly stake, and set it up 
at the other extremity of the distance thus laid off; then 
a straight line joining the two stakes will be a true meri" 
dian hne. 

To obtain the variation, set up a compass in the place 
of the southerly stake, and direct the sights truly to the 
northerly one ; the needle will then point out the varia- 
tion, which will be east or westj according as the north 
end of the needle points to the east or west of the north 
point of the compass. The whole process is so simple, 
that an example is deemed unnecessary. 

It has already been observed, that the greatest elon- 
gations of the pole star are invisible during the greater 
part of the 3d and 4th months, and also of the 9th and 
10th; consequently a meridian line cannot be obtained 
by the preceding method, during those periods. But as 
the surveyor may generally choose liis time for tracing 
a meridian line, and as, when this is done, he can at any 
time obtain the variation, it is thought unnecessary to 
introduce other methods. Those, however, who would 
wish to be acquainted with simple and accurate methods 
of tracing a meridian line at any season of the year, may 
consult a pamphlet on the subject by Andrew Elioott^ A. M. 
from which the substance of the preceding method is 
extracted; and which contains others suited to those 
times of the year in which this cannot be applied* It 
may not be improper also to observe, that the second 
volume of the American Philosophical Transactions con- 
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tains an essay by Robert Patterson^ Professor of Mather 
maiics in the University of Pennsylvania^ in which is given 
a method for obtaining the variation to a sufficient de- 
gree of accuracy for any purpose in surveying, and 
which has this advantage, that the observation may be 
made at any season of the year, and at any time in the 
evening. There are also other methods besides those 
alluded to above, by which a meridian line may be traced, 
or the variation of the compass determined ; but as the 
most of them require expensive * instruments for making 
the observations, it is thought unnecessary to notice tliero 
In this work. 

To obtain the true bearings of a survey^ from the magnetic 

onesj the variation being given. 

If the variation be east, add it to the north-easterly 
and south-westerly bearings, and subtract it from those 
that are north-westerly or south-easterly ; but if the va- 
ration be west, add it to the north-westerly and south- 
easterly bearings, and subtract it from those that are 
north-easterly or south-westerly ; this being done, the 
true bearings are obtained. 

Tofnd the difference between the present variation^ and that 
at a time when a tract of land toas formerly surveyed, in 
order to trace or run out the original lines. 

Go to apy part of the premises, where any two adja- 
cent comers are known ; and if one can be seen from the 
other, take its bearing ; which compared with that of 
the same line in the former survey, shows their differ- 
ence. But if one comer cannot be seen from the other, 
run the hne according to the given bearing, and measure 
18* 2D 
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the nearest (listance between tlie line so roDt and the \ 
comer ; then, 



As the length of the given line, 

Is to the said distance ; 

So ia 57.3 degrees.* 

To the difference of variation required. 



Suppose it be required to run a line, which some years 
ago bore N. 45" E. dist. 20 ch. and in running this line 
by the given bearing, the comer is found 20 links to the 
left hand ; what allowance must be made on each bear- 
ing to trace the old lines ; and what is the present bear- 
ing, by the compass, of this particular line ? 

L. L. Deg. 

As 2000 : 20 : : 57.3 
20 



2000)1146.0(0' 34' 

Consequently 34 minutes, or a little more than half a 
degree, is the allowance required ; and the line in ques- 
tion bears N. W 20' E. 



Note. The above rule is simple and sufficiently ac- 
curate when the distance between the sought comer and 
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random line, is small. But when this distance iicon- 
fdderable, it will be better to find the angle by trigono- 
metiy. 






ON UqCAL ATTRACTION. 

It is well known that iron or any ferruginous substance 
attracts the magnetic needle, and consequently when near, 
will draw it aside from the position in which it would 
otherwise settle. And as the earth in many places con- 
tains, near its surface, substances of this kind, the needle 
will not unfrequently be attracted from its true direction. 
The surveyor ought therefore, at each station, to take a 
back sight to the preceding one ; and if he arrive at one 
at which the compass does not reverse truly, he may 
conclude, provided no error was committed in taking the 
bearing at the last station, that at the present one, the 
needle is affected by some local attraction. In such a 
case, he should first determine whether any error was 
committed at the last station, and if none is found, take 
the difference between the bearing from the last station 
and the reverse bearing, which will be the local variation 
of the needle at the present station. This variation must 
be appUed, according to its name, to the bearing of the 
following station. 

If at the first and second station of a survey the com- 
pass is found not to reverse truly, the surveyor will be at 
loss to know which of them is affected by attraction > 
But by taking another station, either witlnn or without 
the survey, and taking its bearing from each of those 
14 
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staijpbf and the bearing of each of those from it, h^ 

in general^ detennine at which of them the attraction 

existcL ' 

Nde. — ^The area of the aoryey is not affected by the 
general variation, because it is die same at each station. 
But where local attraction exists and causes a variation 
in the position of the needle, as this variation will be dif- 
ferent at diflferent stations, it will, unless ascertained, and 
allowed on the corresponding beaiifigs, materially affect 
the truth of the survey. 



-^ 



t 






> 



CHAPTER VT. 



MISCEULANEOUS aUESTIONS. 

1. A circular fish-pond is to be dug ia a garden, that 
shall take up just half an acre : ^hat must be the length 
of the cord that strikes the circle ? 

Ans. 27.75 yards. 

2. Two sides of a triangle are 20 and 40 perches re- 
spec^iTely : required the third side, so that the content 
may be just an acre. 

Ans. Either 23.099 or 58.876 perches. 

S. In 110 acres of statute measure, in which the pole 
is 5.5 yards, how many Cheshire acres, where the cus- 
tomary pole is 6 yards ; and how many of Ireland, where 
the pole in use is 7 yards ? 
Ans. 92A.1R.29R Cheshire; 67 A. 3 R. 25 P. Irish. 

4. The ellipse in Grosvenor square, London, measures 
840 links the longer way, and 612 the shorter, within 
the rails ; now the wall being 14 inches thick, it is requi- 
red to find Dfiat quantity of ground it encloses, and how 
much it stands upon. 

Ans. It encloses 4 A. R. 6lP. and stands on 1760| 
square feet. 

5. Required the dimensions of an elliptical acre, withi|jjSL 
the greater and fess diameters in the ratio of 3 to 2. ' ^ 

Ans. 17.481 by 11.654 perches. 

213 
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6«r*rhe three sides of a triangular field, containing 
6 A* 1 R. 12 P. are in the ratio of the three numbers, 9, 
8, 6, respectively ; required the sides. 

Ans. 59.029, 52.47, and 39.353 perches. 

7. In a pentangular field, beginning with the south 
side and measuring round towards the east, the first or 
south side is 27.35 ch., the second 31.15 ch., the third 
23.70 ch., the fourth 29J25 ch^ and the fifth 22.20 ch. ; 
also the diagonal from the first angle to the third is 38 
ch., and that firom the third to the 5th. 40.10 ch.; required 
the area of the field. Ans. 117 A. 2 R. 39 P. 

8. Required the dimensions of an oblong garden, con- 
taining three acres, and bounded by 104 perches of pale 
fence.* Ans. 40 P. by 1 2. 

9. How many acres are contained in a square mea- 
dow, the diagonal of which is 20 perches longer than 
either of its sides ? Ans. 14 A. 2 R. 11 P. 

10. A gentleman has a garden 100 feet long and 80 
broad, and a gravel walk is to be made of equal width 
half round it; what must be the width of the walk, so that 
it may take up just one fourth of the ground. 

Ans. 11.8975 feet. 

11. A person has a circular yard that is 150 feet in 
diameter, and wishes a walk of equal width made round 
Jt within the fence: required the width of the walk so that 
it may occupy a fifth part of the ground. 

Ans. 7.918 feet 



* This question msy be neatly constructed by 28, 6 Playf(rir*9 Oeometrf, 
It may not be improper also to observe* that the 2d question, and all those 
following the 8th, admit of neat ffeometrical constructioos. 
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12. From a point within a triangular field the sides 
of which were equal, I measured the distances to the 
three angles, and found them 12.5, 10, and 7.5 chains, re- 
spectively ; required the area. Ans. 12 A. 1 R. 23 P. 

13. On examining the field-notes of a lot of ground of 
which I wished to know the content, I found them as fol- 
low : 1st, S. 72° W. 24 per., 2d. North, 38 per., 3d. N. 

82i E. 41 per., 4th. ^ 20 per., 5th. S. 80° E. 1 1.5 per., 

6th. S. 26° W. 22 per., and 7th. , 37 per., to the place 

of beginning. The bearings of the 4th and 7th bounda- 
ry lines were illegible ; but the data remaining bemg suf- 
ficient, the area is required. 

^In5. 12A. 3R. 2P. 

14. It is required to lay out 4^^ acres of land in a tri- 
angular form, so that the length of one side may be 15 
chains, and the lengths of the other sides in the ratio of 
2 to 3 ; what must be the lengths of those sides ? 

Ans. 7.7914 and 11.6871 chains; or 29.58536 and 
44.37804 chains. 

15. It is required to lay out five acres of ground in a 
triangular form to be bounded by 135 perches of fence ; 
the length of one side is to be 50 perches ; what must be 
the lengths of the other sides ? 

Ans. 33.3785 and 51.6215 perches. 

16. The area of a rectangular field is 7^ acres and the 
length of the diagonal 50 perches : required the sides. 

Ans. 30 and 40 perches. 

17. In a rectangular tract of land, containing 58 A. 3R. 
8 P. the difierence of the lengths of the sides is just equal 
to the diflference between the lengths of the longer side 
and the diagonal ; hence the sides are required. 

Ans. 21 and 28 chains. 
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18. The boundaries of a tract of land are as follow : 
1st. N. 14° W. 15.20 ch. ; 2d. N. 70J° E. 20^ ch. ; 3d. 
S. 6° E. 22.79 ch. ; 4th. N. 86J° W. 18 to the place of 
beginning ; within the tract there is a spring, the bearing 
and distance of which, from the 2d comer, is S. 75° E. 
7.90 ch. It is required to cut off 10 acres from the west 
side of this tract by a straight line running through the 
spring ; what must be the distance of the division line 
from the 1st comer, measuredon the fourth side. 

Ans. 4.6357 chains. 

19. The boundaries of a quadrilateral tract of land are 
as follow: 1st N. 35i^ E. 23 ch, ; 2d.N.75J°E. 30.50 
ch. ; 3d. S. 3i° E. 46.49 ch. and 4th. N. 66i° W. 49.64ch., 
to the place of beginning. This tract is to be divided 
into four equal parts by two straight lines, one of which 
is to run parallel to the 3d side ; required the distance 
of the parallel division line from the first comer, measur- 
ed on the 4th side ; also the bearing of the other division 
line, and its distance from the same comer, measured on 
the first side. 

Ans. Distance of the parallel division from the first 
comer 32.50 chains ; the bearing of the other, S. 88° 22' 
E. and its distance firom the same comer 5.99 chains. 
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OP THE THEODOLITE. 

' A Vertical Angle is any angle in a plane perpen- * 
dicular to the horizon. 'i'' Consequently angles of eleva- 
tion and depression are vertical angles. 

A Theodolite is an instrument used to measure both 
horizontal and vertical anglelK. 

By the aid of a theodolite, surveys may be much 
more accurately made than with the compass, espe- 
cially when the tract is large or the ground hilly, or 
where there is local attraction. Before describing the 
theodolite, it will be best to notice separately one or "^ 

two of its appendages. 

Of the Spirit Level. 

The Spirit Level consists prmcipally of a cylindrical 
glass tube, nearly, but not entirely, filled with alcohol, 
or some other fluid. The inner part of that side of 
the tube which, when in use, is to be uppermost, is 
ground from end to end into a regular curve, having 
its convexity upwards. In consequence of this curva- 
ture in the upper part of the cavity, the air bubble, or 
part not occupied by the fluid, must be at the middle 
of the tube when the axis of the level, that is, the 
straight line passing lengthwise through its middle, is 
in a horizontal position. And conversely the axis 
must be horizontal when the instrument is so placed 
that the bubble stands at the middle of the tube. 

2E '^^ 
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Cf the Vernier. 

A Vernier is a graduated index which serves to sub- 
divide the smallest divisions of a graduated arc or 
straight line. 

Verniers are somewhat different according to the 
value of the divisions which they are to subdivide and 
the degree of precisibn they are designed to give ; but 
the principle of construction is the same in all. The 
following description applies to the vernier attached to 
the common theodoUte, the limb of which is divided 
into degrees and half degrees, numbered from O'' to 
360° ; and the vernier subdivides the half degrees to 
minutes. 

In Fig. 115, AB represents a part of the graduated 
limb, and CD the vernier ; the whole being drawn on 
an enlarged scale. The extent of the vernier is ex- 
actly equal to 29 half degrees, or 870 minutes, on the 
limb, and is divided into 30 equal parts, numbered from 
to 30. Each division of the vernier contains there- 
fore 29 minutes. Hence it is.evident that when the 0, 
or zero line of the vernier exactly coincides, as in the 
figure, with a division line on the limb, the first divi 
sion line of the vernier must be one minute behind the 
line on the limb first following that with which the zero 
of the vernier coincides ; the second line of the ver- 
nier must be two minutes behind the second on the 
limb; the third hue on the vernier must be three 
minutes behind the third on the limb ; and so on. If 
then, the vernier were to be moved forward till its first 
division line coincided with the first on the limb, the 
zero of the vernier would be one minute past the line 
on the limb with which it before coincided i if moved) 
till the second lines coincided, the zero of the vernier 
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would be two minutes past the same line ; and in like 
manner for other coincidences. It therefore follows 
that for any position of the vernier, the number of the 
division line on it which coincides with one on the limb, 
must express the number of minutes that the zero of 
the vernier is past the division line on the limb, next 
preceding it. 

The arc indicated by the vernier index in any posi- 
tion is the arc intercepted in the direction in which 
the degrees are numbered between the zero line of the 
limb and the zero line of the vernier. Hence to find 
the arc, or as it is technically expressed, to read of the 
arc, we must add to the arc expressed by the number 
of whole degrees intercepted and the odd half degree, 
if there is one, the number of minutes indicated by the 
number of that division line on the vernier which coin- 
cides, or is the nearest to coincidence, with one on the 
limb. Thus, as the zero of the vernier in Fig. 115 
exactly coincides with the division line on the Hmb, 
numbered 50, the arc indicated is 50°. In Fig. 116, 
the zero of the vernier is past the line on the limb de- 
noting 52° SO', and the 21st division line of the ver- 
nier coincides with a line on the limb. The arc indi- 
cated is therefore 52° 51'. 

Sometimes it is requisite that the vernier should 
serve to read off an arc on either side of the zero line. 
In this case the zero of the vernier is placed at its mid- 
dle, and the division lines have two sets of numbers, 
as in Fig. 117. The upper numbers are used when the 
zero of the vernier is to the right of the zero of the 
arc, and the lower ones when it is to the left. The arc 
indicated by the vernier in the position that it has in 
the figure, is 2° 12' to the right. 

To determine the reading of a vernier, applied to a 
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graduated arc in which the value of the least division is 
more or less than half a degree, we must divide this 
value by the number of divisions on the vernier, and 
the quotient will indicate the reading that the vernier 
is intended to give. In the nautical instrument called 
a sextant, the value of the least division on the limb is 
usually 10 minutes, and the vernier is divided into 60 
equal parts. Hence 10 minutes, or 600 seconda, di- 
vided by 60, gives 10 secoDds for the reading of the 
vernier. 

Description of the Theodolite. 

The Theodolite is represented in Fig. 109. When 
in use, the lower circular plate AB is screwed fast to a 
three-legged stand or tripod, the upper part of which 
is represented in the figure. The circular plate CD 



I 



■ has a hollow a.vis passing through it at right angles at ^ 

its centre, and firmly attached to it. The lower part ^| 
of the axis terminates in a ball, to which it is fastened ^ 



of the axis terminates in a ball, to which it is fastened 
by a screw. This ball is partly enclosed in a socket 
projecting from the upper side of the plate AB; the 
opening in the upper part of the socket being larger 
than the axis, so as to allow the latter some motion in 
every direction. In the lower plate AB, four screws, 
called levelling screws, are inserted, standing opposite 
each other in pairs, the tops of which press against 
the under side of the plate CD. These screws are 
turned by milted projections or heads, two of which 
are shown in the figure. By turning them in opposite 
directions, the position of the plate CD may be changed 
so that it may be made level, even when the lower 
plate AB has considerable inclination. 

The part GH of the instrument consists of two cir- 
cular plates in close contact with each other. The 
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l^yta^ one is ftHSied the graduated pkUe^ and its cham- 
ferea edge, which is usuyij; made of silrer, is called 
the lifnb of the iostrumem To the central part of 
this plate, a hollow axis is attached, the cavity of 
which fits to the outside of the axis of the plate CD, 
so that the former may move easily and steadily about 
the latter. The lower part of the axis is embraced by 
a clamping-piece that may be tightened or loosened by 
tlie screw E. When the clamp is loose, the graduated 
plate may be turned round by the hand ; but when it is 
made fast, the axis of the graduated plate, and conse- 
quently the plate itself, becomes firmly connected with 
tlie plate CD, and also, when the levelling screws are 
tight, with the stand of the instrument. The gradu- 
ated plate may however, when thus connected, be 
moved a small distance either way by turning the screw 
F, called a tangent-screw^ which gives it a slow motion. 
Around the axis of the graduated plate is another hol- 
low axis, with which a telescope, called the lower tele- 
scope, is connected. When the axis of the graduated 
plate is clamped fast, this axis and the telescope may 
be made to revolve by turning the milled head I, and 
may be secured in any position by the screw K, which 
clamps the axis to the graduated plate. 

The plate immediately above the graduated plate is 
called the vernier plate. It has, at its centre, a solid 
axis which fits into the cavities of the hollow axes of 
both the graduated plate and plate CD. When the 
screw X, which serves to clamp the vernier plate to 
the graduated plate, is loosened, the former may be 
turned round by hand ; and when this screw is made 
tight, a slow motion may be given to the vernier plate 
by the tangent-screw M. The vernier plate has two, 
or sometimes three, verniers at different parts of its 
19* 
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edge, which are chamfered for the purpose. When 
there are only two, they are placed directly opposite 
to each other. When there are three, they are placed 
at equal distances around the edge. The microscope 
S is used to enable the eye more certainly to distin- 
guish the line on the vernier that coincides with one 
on the limb. Two levels are placed on the vernier 
plate, at right angles to each other ; one of which is 
shown in the figure. 

The frame which supports the vertical semicircle 
and upper telescope with its attached level, is attached 
to the vernier plate by three screws at equal distances 
from one another. The immediate supports of this 
telescope are called wyes^ or Y's, from their resem- 
blance to the letter Y. The telescope is held in its 
place by two curved pieces, moveable on joints, which 
pass over it and are fastened by the pins T and U. 
When these pins are taken out, the pieces may be 
turned back and the telescope taken from its place and 
reversed, that is changed end for end. 

In the tube of the telescope a flat ring is placed at 
right angles to its axis, and connected with the tubeby 
four screws, opposite to each other in pairs ; the heads 
of three of which, 6, c, and rf, are shown. Two spi- 
der's lines or very fine wires, at right angles to each 
other, are attached to the ring, in the directions re- 
spectively of each pair of screws, and intersecting 
each other in the centre of the ring. At each end of 
the principal tube, and fitting it on the inside, a short 
moveable tube is inserted. The one at the end to 
which the eye is applied, and which usually contains 
several glass lenses, may be moved out or in, by a 
small pin attached to its lower side, and may thus be 
so adjusted as to render the spider's lines distinctly 
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visiUe. The tube at the other end, which contains 
one lens, may l^ moved out or in, by turning the milled 
head V, and may be thus so placed as to render an 
object to which the telescope is directed, as distinct as 
its distance permits. 

A straight line in the direction in which the inter- 
section of the spider's lines or wires is seen by an eye 
placed at the eye end of the telescope, is the line of 
sight of the telescope, and is technically called the 
line of coUimaiion. The telescope is said to be directed 
to any point in an object, when it is so placed that the 
line of coUimation passes through the point ; or which 
is the same, when the point is directly behind the in- 
tersection of the spider's lines. 

The semicircle PQ is called the vertical limb of the 
instrument. That face of it which is not seen in the 
figure is divided into degrees and half degrees, num- 
bered each way from a line taken as a zero or line ; 
and the arc is read by a vernier numbered as in Fig. 
117. The other face has two sets of unequal divi- 
sions on it, numbered each way from a zero line. One 
of these denotes the difference between the real dis- 
tance of an object to which the upper telescope is di- 
rected and its horizontal distance, expressed in 100th 
parts of the distance. The other denotes the vertical 
distance of the object, above or below a horizontal 
line, passing through the instrument, expressed in 100th 
parts of the horizontal distance. The vertical limb is 
moved so as to give to the telescope different inclina- 
tions to the horizon, by means of the milled head N. 

At the bottom of the frame which supports the ver- 
tical limb and upper telescope, and directly over the 
centre of the vernier plate, there is a compass box, 
containing a magnetic needle. This part of the 
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instrument may be used to take the bearing of an 
object in the same manner as a common compass. 

ADJUSTMENTS OF THE THEODOLITE. 

In order that the theodoHtc may be in a good state 
for use, the line of collimation of the upper telescope 
should exactly coincide with the axis of the telescope; 
the axis of the attached level should be parallel to this 
hue ( the axes of the levels on the vernier plate should 
be parallel to this plate ; the line of collimation of the 
telescope should, when the milled head N is turned, 
move in a plane perpendicular to the vernier plate; 
and when this line is brought parallel to the vernier 
plate, the zero of the vertical limb should coincide with 
the zero of its vernier. Previous therefore to using 
the instrument, the different parts should be examined, 
and adjusted if necessary. This may be done by the 
following methods. 

FIRST ADJUSTMENT. 

To make the line of collimation coincide with the axis of 
the telescope. 

The instrument being firmly screwed on the tripod 
and the legs of the latter being sufficiently extended to 
ensure its remaining fixed in its position, loosen the 
clamp screw L, and turn the vernier plate till the tele- 
scope points to some distant object having on it a 
small well-defined point. Then, having fastened the 
screw L, move the telescope by the tangent-screw M, 
and milled head N, till the line of collimation is di- 
rected exactly to the point. 

Revolve now the telescope in its Y's, half round, 
that is, till the level, from being directly below the tele 
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scope is directly above it. If the horizontal spider's 
line still coincides with the point, it requires no adjust- 
ment; but if it does not, diminish the distance one- 
hali^ by loosening one of the screws c and d and tight- 
ening the other; and then bring the line to coincide 
with the point by means of the milled head N. Re- 
volve the telescope round to its first position, and if 
the horizontal line and point do not then coincide, 
repeat the operation till the coincidence has place in 
both positions. In a similar manner the vertical line 
may be adjusted. When both adjustments are com- 
plete, the line of collimation should coincide with the 
same point during a complete revolution of the tele- 
scope in its Y's. 

SECOND ADJUSmiBNl. 

7b make the axis of the lend attached to the upper tele-' 
scope parallel to the line of collimation. 



Turn the vernier plate tiU the telescope come? 

rectly over two of the levelling screws; and if the 

telescope is not nearly in a horizontal position, make 

it so by turning the milled head N. Then turn the 

levelling screws over which the telescope stands, in 

opposite directions, till the bubble of the level stands 

exactly at the middle of the tube ; observing to keep 

the screws firm against the plate CD. When this kr 

done, reverse the telescope in its Y's, and if the bubble 

does not stand at the middle of the tube, correct ha^ 

of the deviation by one of the screws m and n, which , 

serve to raise or depress the ends of the level, and 

then, by the levelling screws, bring the bubble to the^ 

middle. Again reverse the telescope and repeat the 

correction if necessary. 

2F 
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Revolve now the telescope in its Y's so as to bring 
the level a considerable distance frora its proper or 
lowest position, and if the bubble deviates from the 
middle of the tube, make the requisite correction by 
means of two screws, p and 9, .wbich move the end of 
the level laterally, one of which is shown at p. When 
this part of the adjustment has been so made that the 
bubble will remain in the middle of the tube while the 
telescope is revolved either way, the first part of the 
adjustment should, by again reversing the telescope, 
be examined, and repeated if necessary. 

THIRD ADJUSTMENT. 

To make the axes of the levels on the vernier plate paral- 
lel to that plate. 

Turn the vernier plate till the upper telescope stands 
over two of the levelling screws; then one of the 
levels on this plate will be parallel to these two screws, 
and 4he other will be parallel to the other two. By 
means of these levelling screws bring the bubbles of 
both levels to stand in the middles of their respective 
tubes. Then move the vernier plate 180% and if the 
bubble in either of the levels deviates from the middle, 
correct one-half of the deviation by one of the screws 
at its ends, and the other half by the levelling screws, 
parallel to it ; and if the bubble of the other level also 
deviates from the middle, proceed in the same way to 
correct the deviation. Repeat the operations till the 
. bubbles of both levels will remain at the middles of 
their respective tubes during a complete revolution of 
the vernier plate. 
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FOmtTil A1i.IU5T.ME:HT. 

Fo tiiake the axis about which the vertical limb revti/Mtf 
parallel to the vernier plate. 

Turn die vernier plate till the upper telescope id 
I directed towards a well-dcSned, elevated point, on a 
I liousti or other object, not ver)' remote, and Imving 
I clninped the plate, direct the tc[p.Fcope by nicanaof ilie 
I taugenl-screw M and milled head N, exactly to the 
IpoinL Then turn the milled head N till tbe line ol 
Icollimation coiacides with some wel!-deGucd point 
■■near the ground ; or, il' none such i$ found, let an 
FudsiHtant make a i?uttablo mark in the direction of the 
line of collimation when thus brought nearly horizon- 
tal. This being done, reverse tlio telescope in its Y'sj 
. atid, proceeding as before, direct it to the elevated 
Then, if by turning the milled head N, the Une 
of collimation is brought to coincide with the lower 
Ipoint or mark, the axis of the vertical limb it parallel 
I to the vernier plate; but if tbis is not the case, the 
■adjustment must be made by the screws which attach 
tllio upper frame to this plate. 

FIFTH ADJUSTMENT. 



k 



I To adjust the vernier of the vertical limb, or determine 
the correction which nhottld be made, to allow Jar its 
deviation from correct adjustment. 

Direct the upper telescope to some elevated point 
and note the angle of elevation indicated by the ver- 
nier. Reverse the telescope in ilsY's, and again direct 
it to the same point, and note the angle of elevation. 
If the ntiglea are the same, the vernier is properly 
15 
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adjusted. If they differ, the position of the vernier 
requires adjustment ; and this may be effected by the 
screw Vj which is one of those that fasten the upper 
frame to the Temier plate. 

Instead of changing the position of the yemier, we 
may take half the difference of the two angles of ele- 
vation as a correction^ to be added to all those angles 
of elevation and subtracted from those of depression, 
that are taken with the telescope in that position in 
its Y's, which gave the least of the two angles ; but 
to be applied in a reverse manner when the position, 
of the telescope is that which gave the greater angle. 

SIXTH ADJUSTMENT. 

To make the axis about which the lower telescope revolver 
vertically^ perpendicular to the axis (^ the instrument. 

Turn the vernier plate till the levels on it are re- 
spectively parallel to a pair of opposite levelling screws, 
and by means of these screws bring the bubbles to 
stand in the middles of the tubes ; the instrument is 
then levelled, and its axis is perpendicular to the hori- 
zon. Suspend a plumb-line of considerable length at 
a short distance from the instrument, and loosening 
the clamping screw K, turn the milled head I, till the 
telescope is directed to the line, and then fasten the 
clamping-screw. Now, applying the hand to the eye- 
end of the telescope, move it vertically, and observe 
whether it continues directed to the line, throughout 
its whole extent. If it does, the axis is properly ad- 
justed ; if it does not, the adjustment may be made 
by two small screws which move the remote end of 
the axis vertically. 

The lower telescope being used only as a guard to 
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ascertain whether or not the horizontal limb of the 
instrument remains fixed while the vernier plate ia 
made to revolve, in order to direct the upper telescope 
to an ot^ect, requires no other adjustment than tha 
above, except those for distinct vision of the spider's 
lines and object.* 

In extensive practical operations, the above adjust- 
ments should be examined, and corrected if necessary, 
not only before the commencement, but every day or 
two during their continuance. 

<y the are of the horizontal Ittni, corresponding to a 
given position of the vemUr plate. 

When there is but one vernier, the arc indicated by 
it is regarded as the corresponding arc. When there 
8ie two or three, it is usual to distinguish them by 
calling one A, another B, and the third, if there is a 
third, C, and to consider the arc indicated by the ver- 

* Whan the foragniug adjoitmenta harsbMn completed for tho fint timo) 
there is Bnolher examination which it ii veil to make. Direct the upper 
telescope to some well'defined pcint near the horisoD, and note the arcs on 
the horiiontal limb, indicated bj the different Terniera. Then haring di- 
lected tbe lower telescope to the same point, fasten its clampinK-aerew K ; 
examining fint, however, to see that the upper telescope has not chaoged 
Ita position, oi if it has, bringing it back by the taugent-sciew F. RsTBrse 
now the upper telescope in its Y's, and again direct it to the point; exs- 
mining at the same time to see that the lower telescope has not changed its 
posidon, or, if it has, bringing it back by the tangent-acrew F. Note tba 
>rc* indicated bj each of the remiers ; and subtiact the arc indicated by 
each vemier in the former position from that in the latter, increasing that of 
the latter by 3S0°, if neeessaiy. Add together the remaindera, and divide 
the sum by the number of Temieia. If the qtiotient is LBO°, we infer that 
the axis abont which the upper telescope revolres is, as it ought to be, at 
right angles to the line of eollimation of the telescope. If the qnodent Ait- 
feis materially from 180°, the inatrument ii imperfect, except one of the Y's 
ia laEerally adjastable. Where thin is not tbe ease, the imperfection can 
inly be well remedied by an instrument-maker. If the remainders meit- 
lioned above differ much from each other, we infer that the instrament has 
lot well divided. 



230 OF THB THEOOOUTB. [cHAP. VII*- 

nier A, as expressing the position of the vernier plate, 
at least very nearly ; the readings of the other ver- 
niers being used merely as a test, or means of cor- 
rectiog the former* We therefore note the arc indi* 
cated by the vernier A. Then note the minntes of the 
arc indicated by tlie vernier B; but instead of the 
number of degrees indicated by it, we take either the 
number indicated by the vernier A, or this number in- 
creased or diminished by a unit, so that the arc set 
down for the vernier B, may be very nearly the same 
as that for the vernier A. If there is a third vernier 
C, we proceed in the same manner. Then the sum of 
the arcs obtained for each vernier, divided by the num- 
ber of verniers,* will give the value of the arc corre- 
sponding to the given position of the vernier plate, or, 
as it is sometimes expressed, the arc indicated by the 
verniers. Thus, if we suppose the ins);Fument to have 
three verniers, and that for a given position of the 
plate, the reading of the vernier A is 142^ 2*, of B, 
26r 58', and of C, 22"* 3' ; then, instead of these quan- 
tities for B and C, we write for B, 141° 58', and for C, 
142° 3'. Adding together 142° 2^, 141° 58', and 142° 3', 
and dividing the sum by 3, we obtain 142° T, for the 
arc indicated by the verniers. 

PROBLEM I. 

To measure with the Theodolite the horizontal angular 
distance of two objects^ as seen from a given station. 

By means of a plumb-line suspended from the centre 
of tlie plate which forms the top of the tripod, set the 

* When, as is commonly the case, the number of the degrees of the aro 
for each vernier is the same, we need only divide tlie sum of the roinuten 
of the arcs, by the number of verniers, and annex the quotient to that nuip- 
ber of degrees. 



CHAP. VII.] OF THE THEODOLITE, 231 

centre of the instrument directly over the station- 
mark, and then level it, as directed in the sixth adjust* 
ment. Direct the upper telescope to the object which 
stands to the fc/3f, when the face is turned towards the 
angle to be measured, and note the readings of the 
verniers, ITien, having directed the lower telescope 
to the same object and fastened its clamping-screw K, 
direct the apper telescope to the other object^ and note 
the readings of the verniers ; observing first however, 
whether there has been any change in the position of 
the lower telescope ; and if there has, bringing it back 
to the object at the left by means of the tangent-screw 
F, and again by the tangent-screw M, adjusting the 
direction of the upper telescope to the object at the 
right. Subtract the arc which expresses the first posi- 
tion of the vernier plate, found from the readings of 
the verniers, from that which expresses the second po- 
sition, found in like manner, increasing the latter by 
360^ if necessary, and the remainder will be the angle 
required.* 

* Sometimes, in order to give greater precision to the result, the operation 
18 repeated two or three or more times. When this is done, the Yorniers 
need only be read at the first and last positions of the vernier plate. The 
method of proceeding is as follows : After the upper telescope has been 
directed to the object at the right, loosen the clamping-screw E, and turn 
the instrument round till the upper telescope points towards the object at thft 
left, then fasten the screw, and by means of the tangent-screw F, direct the 
telescope accurately to the object. Then, having directed the lower tele* 
scope to this object, and fastened its clamping-screw, direct the upper tele- 
scope again to the object at the right, in the usual way. The vernier plate 
must then have moved, from its first position, a distance equal to twice the 
measure of the angular distance of the objects. If the operation be again 
repeated, the distance moved by the plate must be equal to three times the 
measure of the angle ; and so on. Hence, if the arc which expresses the 
first position of the vernier plate be subtracted from that which expresses its 
last position, and the remaitider, or, when the plate has made more than a 
complete revolution, the remainder increased by 3G0^, be divided by the 
number which denotes the number of times the operation has been per 
formed, the quotient will be the angle required. 
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PROBLEM 11. 

To measure a vertical angle with, the TheodoUlc. 

The instrument being placed and levelled, direct the 
apper telescope to the point, of which the angle of ele- 
vation or depression is to be taken. Then, if the ver- 
nier of the vertical limb is accurately adjusted, the 
angle indicated by it will be the angle required. When ' 
this is not known to be the case, after having noted 
the arc indicated by the vernier, move the vertical 
limb till the telescope is horizontal, as indicated by the 
bubble of its level standing in the middle of the tube, 
and note the arc then indicated by the vernier. If in 
both positions tlie zero of the limb is on the same side 
as the zero of the vernier, subtract one arc front the 
other; but if on diHerent sides, add the two arcs toge- 
ther. The result will be the required angle. 

PROBLEM III. 

/o measure with the Theodolite, the angles of a tract of 
land, as ABCDEFGHA, Fig. 110; and having these 
and the measures of the sides, to find the content. 

Set up the instrument at one of the angles as A, and 
also set up sight poles at II and B, or at some distant 
points in the sides AH and AB, and then measure the 
angle as directed in Prob. I. Proceed in the same vfay 
to measure the other angles of the tract, observing 
that the angle 11, which is called a re-entrant angle, is 
to he regarded as measured by the arc ahc, and is 
therefore greater than 180". 

When there are fences or other obstructions along 
the sides, the instrument must be set up at some dis- 
tance from the corner, and the poles must be placed 
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respectively as far from each side as the instrument is 
from the range of that side, so that straight lines from 
the instrument to the poles, may be parallel to the sides. 

With the theodolite, or, which is better, with a com- 
pass, take the bearing of one of the sides, as AH. 
With this bearing and the angle A, find the bearing 
of AB. Then with the bearing of BA, which is the 
reverse of the bearing of AB, and the angle B, find the 
bearing of BC ; and proceed thus, to find the bearings 
of the other ndes. 

'^ Having mtesured the horizontal lengths of the sides, 
and obtained the bearings firom the measured angles, 
the content may be found by prob. 12, chap. UL; ob- 
serving that as the differences of latitude and the de- 
partures are given in the traverse table, only for every 
quarter of a degree, they should be computed for each 
side by prob. 10, chap. I. ; or, if they are taken from 
the traverse table, proportional parts should be applied 
for the odd minutes, above full quarters of a degree. 

iVote 1. When the angles of the tract have all been 
measured, the accuracy of the measures may be tested 
as follows. Subtract 2 from the number of sides of 
the tract, and multiply 180'' by the remainder; the 
product will express the sum of all the interior angles 
(32. 3. cor. 1.) Hence if the sum of the measured 
angles is equal, or very nearly equal, to this sum, they 
may be regarded as having been correctly taken ; but 
should the sums difier considerably, an error in one or 
more of the angles must have been committed, and the 
operations should be repeated. 

2. In measuring the lengths of the sides, if any of 
them have a considerable ascent or descent, and if 
20* 2G 
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this ascent cxr descent is tolerably regular, it will be 
more convenient to measure their real lengths along 
the ground, and then by the theodolite determine for 
each of them the quantity that must be subtracted in 
order to obtain the horizontal lengths. To do this, 
let a mark be made on the pole at the farther end of 
the line, at the same height from the ground as the 
axis of the vertical limb of the theodolite, and direct 
the upper telescope to this mark. The index to that 
arc of the vertical limb, which is graduated for the 
purpose, will then indicate the number of. links which 
must be subtracted from each chain in the measured 
length, to obtain the horizontal length. 

3. Instead of measuring all the sides and angles, we 
may take two or three or more stations within the 
tract, and apply the method given in the 13th problem 
of chap. III. The stations should be so chosen that 
none of the angles contained between the lines which 
connect any two of the stations with a corner of the 
tract, should be either very acute or very obtuse. 
When the stations aire judiciously chosen, their hori- 
zontal distances accurately measured, and the requi- 
site angles, contained between the lines joining the 
stations with one another and with the comers of the 
tract, are carefully taken with a good theodolite, the 
content may in this way be very correctly determined. 
We may also, if it is required, compute the sides and 
angles of the tract ; and thence, if the bearing of one 
of the sides or of one of the lines joining a station 
with a corner, has been taken, the bearings of all the 
sides may be obtained. 
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PROBLEM IV. 

To run a line with the Theodolite from one end B^of a 
given line ABy Fig, 118, that shall make a given angle 
with that line. 

Let the theodolite be placed at B and levelled. 
Then, a sight-pole being set up at A, direct the tele- 
scopes to it and note the arc indicated by the verniers. 
Add the given angle to this arc, and turn the vernier 
plate till the arc indicated by its verniers is equal to 
the sum, and clamp it in that position. Look through 
the lower telescope to ascertain whether the graduated 
plate has changed its position, and if it has, bring it 
back by the tangent-screw F. If the upper telescoi)e 
is not nearly parallel with the ground in the direction 
in which it points, make it so, by turnmg the milled 
head N, and then let a sight-pole be set up at some 
distant point exactly in the direction of the line of col- 
hmation. Suppose C to be such a point. Then will 
BC be the required line. This line may be, if desired, 
marked by driving a number of stakes into the ground 
at convenient distances along it, using the telescope to 
have them accurately placed. 

If it is required to extend the line beyond the point 
C, let a sight-pole be set up at B, and the theodolite be 
removed to C. Then proceed to set up a pole at an 
other point D, exactly as directed above, except that 
the given angle must now be considered as being 180^ 
in order that CD may be in the same direction with 
BC. Or, after having directed the telescope to the 
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pole at B, we may, instead of turning the vernier plate 
180'', let it remain unmoved, and reverse the telescope 
in its Y's, which will amount to the same. Proceeding 
thus from point to point, we may extend the line to 
any required distance. 



CHAPTER Vm. 



LEVELLING. 

The surface of an expanse of tranquil water or any 
similar surface concentric with it, is called a Levd Sur-^ 
face. Any points situated in a level surface are said 
to be on the mme level ; and any line traced in such a 
surface is called a line of lev^l. 

If through any place, a level surface be conceived to 
pass, the distance which another place is from this sur- 
face, either above or below, measured on a line per- 
pendicular to it, is called the difference of level of the 
two places. 

Levelling is the art of determining the difference or 
differences of level of two or more places. 

In consequence of the globular figure of the earth, a 
level surface is not, as it appears to be, a plane surface. 
It is nearly, though not exactly, spherical. In the ope- 
rations of levelling we may, without sensible error, 
regard a level surface at any place, as being strictly a 
spherical surface, with a radius equal to 3956 miles, 
the mean radius of the earth, or, which is more exact, 
with a radius equal to 3968 miles ;* the centre being 

* Hie earth, if we disregard the inequalities in its surface, is an oblate 
spheroid. Its polar diameter is 7899 miles, and its eaoatorial diameter 
7925 miles. A level surface is therefore a spheroidal surface. The radius 
of the spherical surface which most nearly coincides with any small portion 
of this spheroidal surface, changes slightly with the latitude of the place. 
For any place in the United States, the greatest error which can occur from 

237 
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in a straic^ht line conceived to be drawn downwards 
from the place, perpendicular to the level surface. And 
for places not very remote from each other, we may 
regard the spherical surfaces of level passing through 
them, as having q, common centre. 

Let A and B, Fig. 120, be two places, not very 
remote from each other, and C, the common centre of 
the spherical surfaces of level passing through them. 
With the centre C and radius C A, describe the arc Aa. 
Then will Aa be a line of level of the place A, and Ba 
w ill be the difference of level of the two places A and B. 

The line Ad^ drawn perpendicular to CA, is called a 
line of apparent level of the place A. It is the line of 
level that would be indicated by an accurately adjusted 
levelling instrument placed at A. The distance ad is 
called tbe correction of the apparent level. This correc- 
tion must be subtracted from the height hd of the ap- 
parent level to obtain the height Ba, of the true level. 
The correction varies as the square of the distance 
from the place.* The following table contains the 

considering the level surface passing through it, as a spherical surface with 
a radius equal to the mean radius of the earth, is about ^ of an inch for a 
distance of two miles. For a spherical sdrface with a radius 5 or 6 miles 
greater than the equatorial r^ius of the earth, the greatest error is about ^\ 
of an inch, at the same distance. It may be further observed, that the 
greatest error or greatest deviation of the spherical from the spheroidal sur- 
face, varies as the square of the distance from the place. 

• We have (36.3), (2Ca + «^)i od^ Ad*. But as <»fp for any distance 

to which a single sight in levelling is ever extended, is extremely small in 

comparison with 2 Co, we may, without sensible error, take 2Ca instead of 

Ad* 
(2Ca + ad). We shall thus have 2Ca, ad = Arf* ; or «r(/ — -^. Conse- 

2Ca 

quently as C a is constant, ad varies as the square of the distance Ad varies. 

Let the value- of ad be required for a distance of 100 chains or 6600 feet 

Then taking Ca = 3968 miles, we have 2Ca = 7936 miles = 7936 x 5260 
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value of the correction in decimal parta of a foot, for 
each chain of distance, from 1 to 130. 



TABLE. 

Giving the differences between the true and apparent Icvcl^ 
for distances from 1 fo 120 chains. 



Chains 


Pwi. 


mi™ 


n«. 


Ch..w 


Pea. 


Ob„.. 


r.^ 


i;h.i...| F«,. 1 


1 


.000 


23 


.065 


49 


^250 


73 


.554 


97 


.978 


2 


.000 


26 


.070 


50 


.ii60 


74 


.569 


9S 


.998 


3 


.001 


27 


.076 


51 


.270 


75 


.585 


99 


1.019 


4 


.002 


28 


.082 


52 


.281 


76 


.600 


100 


1.040 


5 


.003 


29 


.08- 


53 


.295 


77 


.616 


101 


1.060 


6 


.004 


30 


.094 


54 


J03 


78 


.632 


102 


1.082 


r 




31 


.100 


53 


3U 


79 


.649 


103 


1.103 


8 


.007 


32 


.106 


5» 


.326 


80 


.605 


101 


1.12i 


9 


.008 


33 


.113 


57 


.338 


81 


.682 


103 


1.116 


10 


!oio 


34 


.120 


58 


.350 


82 


.699 


106 


1.168 


U 


.013 


35 


.127 


59 


.362 


83 


.718 


107 


1.190 


12 


.015 


33 


.135 


60 


.374 


84 


.734 


108 


1.213 


13 


.018 


37 


.142 


01 


.387 


85 


.751 


109 


1.233 


14 


.020 


38 


.130 


62 


^100 


86 


.769 


110 


1.238 


15 


.023 


39 


.138 


63 


.413 


87 


.787 


111 


1.281 


16 


.027 


40 


.166 


64 


.426 


88 


.805 


112 


1.304 


17. 


.030 


41 


.175 


65 


.439 


89 


.823 


113 


1.327 


18 


.034 


42 


.183 


66 


.453 


90 


.842 


114 


1.331 


19 




43 


.192 


67 


.467 


Dl 


.861 


115 


1.375 


20 


!o4S 


44 


.201 


68 


.481 


92 


.880 


116 


1.399 


21 


.046 


45 


.211 


69 


.495 


93 


.899 


117 


1.423 


22 


.050 


46 


.220 


70 


.509 


94 


.919 


118 


1.447 


23 


.055 


47 


.230 


71 


.521 


95 


.938 


119 


1.472 


21 


.060 


48 


.210 


72 


..539 


96 


.9.58 


120 


1.497 



feet. Hence m* = - 



GGOO* 



100' : 



100* X G 



= 1.0396 A. 



~ 7936 X 6iSQ 793S X 5380 7036 X 90 
HsTing the correclion for lOO chaiiwi ne maily oblain it for anj other 
diaUDce by the following proportion : As 100' ; square of given distance in 
chains : : 1.0396 ; tha reqiiiicd conection, in feet. 
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When a ray of light passes obliquely through por- 
tions of air of different densities, it becomes bent 
from a straight line, and enters the eye so as to make 
the point from which it proceeds appear in a direction 
slightly different from its true direction. This effect 
is called Refraction; and when the point, or body 
from which the light proceeds, is on or near the earth, 
it is called Terrestrial Refraction. Terrestrial Refrac« 
tion generally makes the point appear to be more ele* 
vated than it really is. Thus it is not actually the 
point d of the line CE, Fig. 120, that, to an eye at A, 
appears to be at i, but another point c, a little below 
d. If therefore we wish to notice the effect of refrac- 
tion, we must take ac instead of ad, for the correction 
of apparent level. In temperate climates, cd is, in 
the usual state of the atmosphere, about i of ad. 
Consequently we may obtain the correction of appa- 
rent level with allowance for refraction, by diminishing 
the correction given in the preceding table by a | part. 

As the effect of refraction in the common operations 
of levelling is always small, and is subject to consi- 
derable variations depending on the state of the air 
between the object and place of observation, it is com- 
monly disregarded. It would, however, in general be 
better to allow for it as above, except when the object 
is but little distant from the place of observation, or 
when, by the method noticed in the next article, the 
desired result is obtained independently of the cor- 
rection of apparent level. 

Let CD, Fig. 121, be the line of apparent level indi- 
cated by a levelling instrument L, placed midway be- 
tween the places A and B ; also let the arc 6c be the 
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line of true levol passing through the instrament, the 
arc Aa, concentric with the former, the line of true 
leTel of the place A, and AC and ED, lines perpen- 
dicular to Aa. Then in consequence of the equality 
of the distances LC and LD, we have bC equal to 
cD ; and therefore as Aft is equal to ar, we have AC 
equal to dD. Consequently Ba, the difference of level 
of the places A and B, is obtained by subtracting AC, 
the height of the apparent level of the instrument, at 
A, from BD, its height at B. We thus obtain the dif- 
ference of level of the two places, independently of 
the correction of apparent level. It is also indepen- 
dent of refraction, as the effect of refraction would be 
sensibly the same for the two points C and D, and in 
the same direction. It may be observed that it is not 
necessary the instrumwt should be directly between 
the places. It may be placed in any convenient po- 
sition on either side of the line joining them, pro- 
vided its distances from the places are equal, or very 
nearly so, 

OF THE LEVELLING INSTRUMENT. 

The Levelling Instrument^ or Level as it is frequently 
called, is an instrument used to denote the line of ap- 
parent level. It is supported, like the theodolite, on a 
tripod. The instrument, without the tripod, is repre- 
sented in Fig. 119. Its lower part is nearly similar to 
the corresponding part of the theodolite. The plate 
HH, which screws on the tripod, has four leveUing- 
screws inserted in it, by means of which the plate G6 
may be placed in a horizontal position, even when the 
former is considerably inclined. S is a clamp-screw 

2H 
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and O a tangent-screw. The bar EE is firmly at- 
tached at right angles to an axis, which terminates in 
a ball, enclosed in the socket R. In some instruments 
this bar is enlarged at the middle so as to form a com* 
pass box, in which a magnetic needle is placed. The 
telescope AB is supported on two wyes, Yl and Y2, 
one of which, Yl, is firmly connected with the bar 
EE, and the other, Y2, is moveable a small distance 
up or down by the screw N, or in some instruments 
by two screws, M and P. The eye-tube L is move- 
able in or out by hand, so as to render the spider's 
lines distinctly visible, and the tube which contains 
the object-glass is moved by turning the milled head 
^, and may thus be so adjusted as to give distinct 
vision of an object to which the telescope is directed. 
One end, C, of the spirit-level CD is moveable up or 
down by the screw m, and the other end is moveable 
laterally by two opposite screws p and y, of which 
only p appears in the figure. 

The following adjustments of the level should be 
examined, and corrected if necessary, before using it 
in practical operations. 

FIRST ADJUSTMENT. 

To make the line of collimaiion coincide toith the axis of 

the telescope. 

Having screwed the level to the tripod and set up 
the instrument so as to stand firmly, loosen the clamp- 
screw, turn the telescope towards some distant well- 
defined object, and fasten the screw. By means of 
the tangent-screw move the telescope slowly till the 
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line of colliinatioa is directed exactly to some distioct 
point in the object, and then proceed according to the 
instructioDa in the second paragraph of the first ad- 
juBtment of the theodolite. 

SECOND ADJUSTME^fT. 

To mate the axis of tie level CD parallel to the line of 

eollimation. 

By turning the screw N,- bring the bubble of the 
level to stand at the middle of the tube. Reverse the 
telescope in its wyes, and, if the bubble does not then 
stand in the middle, correct one half of the deviation 
by Uie screw m, and the other half by the screw N. 
Again reverse the telescope in its wyes, and repeat the 
correction if necessary. 

Now by revolving the telescope in its wyes, bring 
the level to some distance on one side of its lowest 
or proper position, and if the bubble then deviates from 
the middle, the deviation must be corrected by means 
of the screws p and g, which move one end of the 
level laterally, the correction being continued till the 
bubble will remain at the middle while the telescope 
is revolved so as to bring the level to a considerable 
distance on either side of its lowest position. When 
this has been done, the first part of the adjustment 
should again be examined and corrected if neces- 
aary.* 

* A method by whioh the secoad adjustment miy be made tat an ioitm 
ment in whieh the telescope is not leveraiblet will be found in the fint of 
the fbRowing pniblemt. 
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TfflRD ADJUSTMENT. 

To make the line of collimatum parallel to the bar EE^ 
or which is the same^ at right angles to its axis. 

Turn the telescope till it stands directly over two 
of the levelling-screws, and by means of them bring 
the bubble to stand at the middid of the tube. Then 
turn the telescope half round, that is, till it stands 
over the same screws, but pointing in the opposite 
direction, and if the bubble does not remain in the 
middle, correct one half of the deviation by the level- 
Kng-screws and the other half by the screw N. Now 
place the telescope over the other levielling-screws, and 
nroceed in a similar manner. Continue the correc- 
tions till the bubble will remain in the middle of the 
tube during an entire revolution. 

These adjustments having been carefully made, the 
instrument is ready for use. When on the ground it 
must, in each new position in which it is placed, be 
levelled. This is done by placing the telescope over 
two of the levelling-screws and by their means bring- 
ing the bubble of the level to the middle of the tube, 
then doing the same with the telescope over the other 
two, and again over the first >two. Then, if the third 
adjustment has been accurately made, the bubble will 
stand in the middle of the tube in any position of the 
telescope. 

OF THE LEVELLING STAFF. 

A Levelling Staff consists of a square or rectangu- 
ar staff and a small circular or rectangular board. 
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called a Vane, which is so attached to the staff as to 
be moveable along it from end to end. It is used for 
measuring the height of the line of apparent level 
passing through the telescope of tlie levelling instru- 
ment, above the place where the staff is placed. 

The fece of the vane, represented in Fig. Ill, is 
divided into four equal parts by two straight lines 
intersecting each other at right angles ; one line being 
horizontal, and consequently the other vertical. Two 
opposite parts of the face are painted white and the 
other two black; thus the lines and their intersection 
arc easily distinguished evdn at a considerable dis- 
tance. A screw, the head of which is shown at m, 
serves to clamp the vane to the staff in any required 
position. 

The staff is coraposea of two rectangular bars of 
wood, between five and sue feet long, placed side by 
aide, and forming together a square staff, the breadth 
of each side of which is about an inch and a quarter. 
The bars are bo connected that one, which is two or 
three inches the shorter of the two, may be made to 
slide along the other or principal bar, and thus, when 
necessary, increase the length of the staff. In order 
to this, the front or sliding bar has throughout its 
length, on the side next the other, a projection which 
is terminated by a brass plate a little wider than the 
projection and firmly attached to it ; and the principal 
bar has a groove in it to receive the projection and 
plate of the former. The forms of the projection 
and groove are exhibited in Fig. 112, which repre- 
sents a section of the bars, at right angles to their 
length. . . _, .,„ 

I 21 • 
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The staff is represented in Fig. 113, in which hcefd 
is the principal bar, which is capped at the bottom 
with a brass plate ; hd is the sliding bar, A is the vane, 
seen edgewise, and n is a screw which serves to clamp 
the bars together in any given position. One side of 
each bar is divided, from hg upwards, into feet and 
hundredths of a foot ; the feet being numbered as in 
the figure. The subdivisions of the feet are omitted 
as they could not well be all exhibited. On the cham- 
fered edge of a brass plate connected with the vane, a 
fine line a is drawn, directly opposite to the horizontal 
line of the vane. The line a serves therefore to de- 
note on the side of the principal bar, the height that 
the vane is above the line hg^ when that height does 
not exceed 5 feet. 

The height of the vane above the line hg is usually 
called the height of the vane^ although it is less than 
its true height above the ground or place on which 
the staff stands, by the length of the part he. This 
however produces no error in the use of the staff in 
levelling, as the difference in level of two places is 
found from the difference in the heights at the places, 
of a line of apparent level passing through the level* 
ling instrument, and this difference will evidently be 
the same whether both heights are measured from the 
ground, or both from the line hg. 

When it is required to raise the vane to a greater 
height than 5 feet, it must be slid up to a pin at p, 
which checks it at that height, and be fastened there 
by the screw m. Fig. 111. Then loosening the screw 
n. Fig. 114, the front bar, which carries the vane, may 
be slid upwards till the vane acquires the required 
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height When this is done, that point on the gradu- 
ated side of the eliding bar, which corresponds to the 
line marked 5, on the principal bar, will evidently indi- 
cate the height of the vane. 



The theodolite, Icvelling-iostniment, and levelling 
staff, are made of various forms and of different c 
grec3 of perfection. Those wliicli have been described 
are, when well made, good and convenient instrunieiit9; 
and from the descriptions which have been given of 
I them, the student will find it easy to understand the 
manner of adjusting and using others which may dif- 
fer from them in form. 



PROBLEM I. 

To lest the adjustment of the level. 

Select a place where the ground is tolerably level 
for a distance of 15 or 20 cJiains, and at each extre- 
mity of the distance chosen, as at A and B, Fig. 122, 
drive a short stake. Set up the level by the stake at 
\ A, placing it so that the eye-end of the telescope may 
rhe over or nearly over the stake, and level the instru- 
ment. Place the leveUing-staff on the stake, raising 
or lowering the vane till its horizontal line is at ex- 
actly the same height as the centre of the eye-end of 
, the telescope, and note the height. Now let an as- 
'sistaut take the staff and set it up vertically on the 
stake at B. Direct the telescope to the middle of the 
breadth of the staff, and then, by raising or lowering 
[he liaad a& a signal, direct Uiq staff-bearer to raise or 
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lower the vane, repeating the signal till its centre ap- 
pears precisely in the direction of the line of collima- 
tion, or at least exactly of the same height. When 
this is the case, by a circular motion of the hand, 
direct the vane to be clamped, and again sight to it 
to ascertain that in clamping, its height has not been 
changed. Note the height of the vane, and subtract 
from it the correction of apparent level corresponding 
to the distance between the stakes, taken from the 
preceding table, or rather this correction diminished 
by a J part, to allow for refraction. Then, if the 
instrument is accurately adjusted and the observations 
have been carefully made, the difference between the 
height of the vane at A, and its corrected height at 
B, will be the true difference of level of the tops of 
the two stakes; the higher being that at which the 
height of the vane is the less. Placing now the in- 
strument at B, proceed in the same manner to find 
again the difference of level of the stakes. If this 
difference is the same as the former, the adjustment of 
the instrument is correct. But if there is any mate- 
rial difference in the two results, we infer that the 
axis of the level is not parallel to the line of collima- 
tion. To make it so, take half the difference of the 
results obtained, and let the vane, taken in its last po- 
sition, be elevated or depressed by that quantity, accord- 
ing as the result obtained at the more elevated of the 
two stakes, is less or greater than that obtained at the 
other.* Then, by the screw N, bring the line of colli- 

* Let ab be the line of apparent level through the instrument when placed 
at A, and ae^ the line of apparent level indicated by the instrument. Then 
cd being the line of apparent level through the instrument when placed at 
B, the line cf making the angle fl,d equal to bhe, and consequently df 
equal to be, will be the line of apparent level indicated by the instrument. 
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matioo to point exactly to the horizontal hoc of llic 
vane, and with the telescoije in that position, bring tlie 
bubble again to the middle of the lube by the screw m. 

Note. In this manner the axis of the level may be 
made parallel to the line of collimation when the tele- 
scope is not reversible, as is the case in some instru- 
ments. 



Let the height Ao, be 5.295ft. ;• Be, 3.003ft.; Be, 
5.527ft. ; and Af, 8.935ft. ; and the horizontal distance 
from A to B, 20 chaiiis. 

The distance being 20 chains, tlie correction for ap- 
parent level, taken from the table, is O.OJSft. From 
this deducting ^ of 0.042, we have 0.035ft. for the cor- 
rection to be subtracted from the heights Be and Af. 
This gives, for the corrected heights, Be = 2.028fl., and 
A/= 8.900ft. Hence, taking 2.028 from 5.295, we 
have 3.227ft. for the true difference of level obtained 
with the instrument at A ; the place B being higher 
than A. And taking 5.527 from 8.900, we have 3.373ft. 
for tlic difference of level obtained with the instrument 
at B. Half the difference of these results gives 0.053ft. 
for the value of <!/, the error due to the error in the 

It is llt-efore evident iliat tlie diffareoce of level of the two pUces obtaiiied 
with Ibd inslniment at A, ie less ihan ihe tme difference h^ the quantity bt, 
and the difTereiice obtained with the instrument el B, is greater Ihnn Ibe 
tnie difference, by the equal quuntit; df. Hence the difference of the Ino 
TesultB must be twice df, the error in heiglil jiroduced by tiie ettor in the 
adjnsiment of the inalrument. 

■ Although tlie station EtniT is only divided to hundredths of a fool, ne 
may with lolenble pnyiision estlniBte the tbonesndlh) ; and vrbeo great 
Bccuncy ii deiiied, it ia bollei to do bo, 

21 
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adjustment of the instrument. Hence, as the differ- 
ence of level given by the instrument at the more ele- 
vated place is greater than the other, the vane must 
be lowered 0.053ft. from its last height. The adjust 
ment may then be made as directed. 



PROBLEM n. 

To determine the difference of level of two places^ A and 
Bj Fig. 123, when they are visible from each other and 
do not differ in level more than 8 or 10 feet. 

Place the level in some position C, about equally 
distant from the places, either in the line joining them 
or on either side as may be most convenient, and level 
the instrument. Let the staff- bearer set up the level- 
ling-staff at A, and having sighted to it and obtained 
the height of the vane at that station, let the staff be 
removed to B, and do the same. Then the difference 
of the two heights, without any corrections, will be the 
difference of level of the places ; that place being the 
higher, at which the height of the vane is the less. 

If the surface of the ground between the places is 
such that when the level is placed at equal or nearly 
equal distances from them, the line of apparent level 
of the instrument would pass below one place or too 
high above the other, as in Fig. 124, it may be placed 
in any position C, that will permit the sights to be 
taken to both places. Then, having measured the 
horizontal distances from A to C, and from C to B, we 
proceed as above, except that the observed heights Aa 
and B6 must be corrected by the differences between 
the true and apparent level, as taken from the table ; 
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or, which is generally better, by the tabular quantities 
diminished by a } part It may, however, be observed 
that when neither of the distances AC nor BC, excels 
five or six chains, the corrections are so small that 
they may be generally omitted. 

When a valley intervenes between the two places 
so that there is no suitable intermediate situation for 
the instrument, it may be placed at one of them ; and 
then the difierence of level may be determined as in 
the preceding problem. 

BXABIPLES. 

1. Let the observed height Ao, Fig. 123, be 7.343ft. 
and Bi, 3.635ft. ; then the difference of these, 3.708ft. 
is the difference of level of A and B, the place B being 
higher than A. 

2. Let the observed height Ao, Fig. 124, be 8.457ft. ; 
Bft, 1.525ft.; the distance from A to C, 24.1ch. ; and 
the distance from C to B, 8.2ch. 

The correction for the distance 24.1ch., taken from 
the table and diminished by a ^ part, is 0.050ft., and 
for the distance 8.2ch., it is 0.006ft. The corrected 
heights are therefore Aa, 8.407ft. and B6, 1.519ft. 
Hence the difference of level is 6.888ft. 

PROBLEM m. 

To find the difference of level of two places not visible 
from each other^ or if visible^ differing considerably in 
level. 

Let A and F, Fig. 125, be the two places. Place 
the level in some position P, that will permit a sight to 
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be taken to A, and also to some other place towards 
F, at about the same distance from the instrument. 
Having levelled the instrument, let the staff-bearer 
set up the staff at A, and when the sight has been 
taken, let him note the height of the vane as a first 
back-sight. Then let the staff be taken to some sta- 
tion B, about as far from the instrument as that is 
from the station A, and when the sight has been taken, 
let the height of the vane be noted as the first fore- 
sight. Next, the staff-bearer remaining at B, take 
the level to some suitable place Q, beyond B, and pro- 
ceed to take a back-sight to B, and then a fore-sight 
to a new station C. In the same manner the operation 
must be continued from C to D, from D to E, and from 
E to F ; the number of intermediate stations necessary 
to be taken, depending on the irregularities in the 
ground and on the difference of level of the given 
places. 

Take the difference between the sum of the back- 
sights and the sum of the fore-sights, and it will be the 
difference of level of E and F ; the place F being 
higlier or lower than A, according as the sum of the 
back-sights is greater or less than that of the fore- 
sights.* 

* Let GF be a line of lerel through the place F ; then AG is the dififerenoo 
of level of the two places A and F. Now we have, 

Sum of back-sights, 

= Aa+ Bc+ C«+ Dg+ E/ = Aa+ ftc+ Bh+ Ce+ Dg+ E /. Also, 
Sum of fore-sights, 

= B6H-Crf+D/+EA+Pm = B5-f-C«+erf4-D^+^/+E/+i!*+F 
= Fm-f- /AH-g^/f «rf+ BH Ce4- D^H- E / = 7^+ BH C«+ D^+ E/ 
=|)c+BHCc+Dg+E/=AG+Aa+Jc+B6-fCc-fD^+E/. 

The difiference of these sums is AG, the difference of level of the placet 
AandF. 
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Note. It is not necessary that either the interme- 
diate stations or the places of the instrument should 
be in the direct line between the given places; and 
frequently it will be found convenient to deviate con- 
siderably from that line. It may further be observed 
that although it is generally best to take each pair of 
the sights at equal or nearly equal distances, as the 
correction for apparent level is thus avoided, and also 
a slight deviation of the axis of the level from paral- 
lelism with the line of collimation will not then sensibly 
affect the accuracy of the result, yet sometimes in 
order to diminish the number of stations the sights are 
taken at unequal distances. When this is done, the 
distances must be measured and the sights be corrected 
as directed in such case, in the last problem. 

EXAMPLE. 

Let the back-sights and fore-sights, Fig. 125, be as 
in the following table. 

Back-iighti. Fbre<tigbtf. 

1. 7.103ft. 1.566ft. 

2. 9.227 3.178 

3. 1.236 9.415 

4. 1.610 6.367 

5. 2.125 9.910 



Sum 21.301 Sum 30.436 

21.301 



Diff. 9.135ft. 

Hence the difference of level of A and F is 9.135ft. 
and as the sum of the back-sights is less than that of 
the fore-sights, the place F is lower than A. 



CHAPTER IX. 



TOPOGRAPHY. 

Topography is a branch of surveying,* the object 
of which is to determine and designate on a map, the 
various undulations and inequalities in the surface of 
a particular place, tract of land or district of country. 
A map in which these inequalities, the courses of 
streams, and sometimes other circumstances, as the 
positions and extents of forests, marshes, &c., are de- 
signated, is called a topographical map. 

In addition to the boundaries and content of a tract 
of land, it is frequently required that the various slopes 
and irregularities of the surface should be determined 
and designated, in order to give a more complete view 
of the ground, and to afford the means for an appro- 
priate location of buildings or works of any kind that 
may be designed to be erected on it. 

If we assume the surface of a tract of land to be 
intersected by a number of level surfaces or horizontal 
planest at equal distances from one another, and trans- 
fer all the lines of level in which these planes meet 
the surface of the ground to an assumed horizontal 

* The term 8Tirye3rin^ is here used in a more extended sense than as de- 
fined in the first chapter. 

f In tracts of any moderate extent, the surfaces of IcTel may, for the pur- 
pose for which they are here introduced, be regarded as horizontal planes 

254 
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plane passing through the lowest point, making them 
occupy positions on that plane, corresponding with 
their positions on their respectire planes, the varia- 
tions in the distances of the lines from one another, 
when thus transferred, will indicate the variations in 
the inclination of the ground. For as the difference 
of level from line to line is the same, it is evident that 
the horizontal distances of the lines, taken in any di- 
rection, will diminish as the inclination in that direction 
increases. Thus in ABCD, Fig. 129, which represents 
a small tract, of which the length A6 is 1000 feet and 
the breadth AD, 800 feet, the lines 10, 20, 30, &c., 
represent lines of level in which horizontal planes at 
the distance of 10 feet from one another, intersect the 
surface of the ground. The lowest level passes 
through the point F, at which the stream EF leaves 
the tract. From F the ground rises more rapidly to 
the left than to the right, as is indicated by the lines 
of level being nearer to one another on that side than 
on the other. In passing from F towards the comer 
B of the tract, we may observe that the acclivity, 
which is gentle, increases till we come to the 30 feet 
level, then diminishes to the 40 feet level; it then 
again increases, and more rapidly, to the 60 feet level, 
and lastly slightly diminishes to the 70 feet, or highest 
level. In descending, the declivity continually dimin- 
ishes to B. From the point / in the side AD, the 
ground descends moderately towards the comer A, the 
declivity diminishing till the surface becomes nearly 
level ; and from the stream, towards A, tlie acclivity, 
which is slight, diminishes, so that between the two 
branches of the 30 feet line of level and the comer A, 
the ground is nearly level. 
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The distance which should be taken for the distance 
of the assumed planes from one another, must depend 
on the extent of the survey, the inequalities in the sur- 
face, and the degree of minuteness with which it is 
required that they should be designated. It may vary 
from 3 or 4 to 20 or 30 feet, according to circum- 
stances. 

The levelling required for a topographical survey 
may be performed either with a level or theodolite. 
Where there is considerable ascent or descent in the 
ground, the latter is the most convenient instrument ; 
and although the results obtained with it are not in 
general as accurate as those that may be obtained 
with a good level, they are, when due care is taken, 
sufficiently so for the object in view. When the theo- 
dolite is used, the sight should be taken to a point at 
the same height above the ground at the station, as 
the axis about which the upper telescope revolves is 
above the ground at the place of the instrument. To 
do this, let an assistant place and clamp the vane of a 
levelling-stafF at that height, or make a mark at the 
same height on a pole; and when he has taken the 
staff or pole to the station and set it up vertically, 
sight to the vane or mark. When this is done, the 
difference of level between the station and place of the 
instrument, expressed in 100th parts of the horizontal 
distance of the two, will be indicated on the vertical 
limb. It is however better, except when the horizon- 
tal distance is quite small, to obtain the difference of 
level from that distance and the angle of elevation or 
depression. 



I 
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PROBLEM I. 

Jl 

Having given the back-sights and fore-sights taken to '& 
nuTober of consecutive stations, or to two or more con- 
nected series of stations, to determine the heights of the 
stations above a line of level or surface of level through 
the lowest. 

1. When there is but one series of stations. Assume 
for the height of the first station above some assumed 
lioe of level, any quantity taken at pleasure, observing 
however to make it sufficiently great for the assumed 
Lne of level to be lower than the lowest station, or at 
least as low. To the assumed height of the first sta- 
tion add the first back-sight, and from the sum subtract 
the 6rst fore-sight, and the remainder will be the 
height of the second station above the assumed line 
of level. With this height and the second back-sight 
and second fore-sight proceed in like manner to find 
the height of the third station ; and thus on to the 
last. Now subtract the least of the heights obtained, 
which must be that of the lowest station, from each 
of the others, and the remainders will be the heights 
of the other stations above the line of level passing 
through the lowest. 

2. TVlicn there are two series of stations connected by 
intervening sigfUs between the first station of the first 
series and the first of the second series. Assume for 
the height of the first station of the first series, a 
quantity sufficiently groat for the assumed surface of 
level to he below all the stations, or at least as tow as 

22* 2K 
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the lowest, and proceed as directed above, to obtain 
the heights of the other stations of tliat series above 
the assumed surface of level. Tlien commencing again 
with the assumed height of the first station, proceed 
in like manner with the sights connecting that wjtli 
the first station of the second series, and with the 
sights to the stations in this series, to find the heights 
of all these stations. When this is done, subtract iho 
least of all Uic heights obtained from each of the 
others, and the remainders will be the required heights. 

3. In like naanner, whatever be the number of the 
series of stations, the heights of all the stations, above 
a surface of level passing through the lowest, may be 
obtained. 

Note. If it is required to find the heights of thcl 
stations above a line or surface of level at a given dis- 
tance below the lowest or any other given staliou, it 
is easily performed by applying to the heights of tho 
stations above the assumed level, the difference be- 
tween the height of that station above the i 
level and its height above the given level. 



I 



I. Taking to the nearest length of a foot, the back- 
i^ights and fore-sights given in the example to the last 
problem of the preceding chapter, it is required to find 
the heights of the stations A, B, C, &c. Fig. 125, above 
a line of level passing through the lowest. 

Assume the height AL, of the station A, above an 
assumed line of level LM to be 15 feet. Then i 
have 
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Feet. 



15 + 7.1 — 1.6 
20.5+9.2 — 3.2 
26.5+1.2—9.4 
16.3+1.6—6.4 
11.5+2.1 — 9.9 



15, height of A, above LM, 



20.5 
26.5 
16.3 
11.5 
5.7 



U 



i4 



U 



a 



u 



B, 
C, 
D, 

F, 



a 



ii 



4( 



ii 



U' 



Subtracting 5.7 from each of the above heights, we 
have the heights above GF, the line of level through 
F. These are, for A, 9.3ft ; B, 14.8ft. ; C, 20.8ft. ; 
D, 10.6ft. ; E, 5.8ft. ; and F, Oft. 

2. Let the back-sights and fare-sights, taken from 
A to B, Fig. 126, from A to C, and from C to D, be as 
given below i to find the heights of the stations along 
AB, AC, and CD, above a surface of level through 'the 
lowest station. ^ 





AB 




AC 




B-StlL 


F-M. 




IMU. 


F-m. 


1 


8.7ft. 


3.8ft. 


1 


8.5ft. 


5.2ft. 


2 


1.1 


9.9 


2 


0.6 


9.1 


3 


0.7 


9.3 


' 1 • 


4 


2.2 


8.0 




5 


1.9 


7.1 




6 


7.4 


4.2 









1 

2 
3 
4 
5 
6 
7 



CD 

lUtf. 

3.1ft. 
2.6 
1.5 
4.2 



3.8 
9.3 
2.8 



8.6ft. 

7.7 

9.3 

7.9 

7.3 

2.2 

7.4 



By proceeding as directed in the rule, we obtain the 
following heights of the stations above the surface of 
level passing through the lowest. 



17 
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AB 


AC 




CD 


1 


30.8ft. 


1 


30.8ft. 


1 


25.6ft. 


2 


35.7 


2 


34.1 


2 


20.1 


3 


26.9 


3 


25.6 


3 


15.0 


4 


18.3 


1 


4 


7.2 


5 


12.5 




5 


3.5 


6 


7.3 




6 


0.0 


7 


10.5 


PROBI.FM n. 


7 
8 


7.1 
2.5 



To determine the inequalities in the surface of the ground 
along a line running in a given direction^ and to draw 
an irregular or cufved line to represent them. 

Let short stakes be driven at the beginning and end 
of the line, and at each point along it where there is 
any in||erial change in the inclination of the ground ; 
and let the horizontal distance of each stake from the 
beginning of the line, or the distances from stake to 
stake, be measured. Then level from stake to stake, 
using intermediate stations whenever the difference pf 
level between any two is too great to permit sights to 
be taken to both from a single position of the instru- 
ment. Find, by the last problem, the heights of the 
stations, where the stakes are placed, above a line of 
level passing through the lowest, or above any assumed 
or given line of level. 

Draw a straight line ef Fig. 127, to represent the 
line of level to which the heights of the stations are 
referred, and on it make ea^ ehy esj ec, &c., equal to the 
distances of the stations from the beginning of the 
line. From the points c, a, 6, 5, &c., draw lines per- 
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pendicular to ef^ and make them equal to the heights 
of the respective stations. Through the tops of these 
perpendiculars, draw the curved line EF, which will be 
the line required to be drawn. 

The line EF is called a Profile of the ground in the 
direction of the given line. 

Note. The heights of the perpendiculars are fre- 
quently taken from a scale three or four times as great 
as that used in laying off the horizontal distances. 
When this is done, the curved line, or profile, as it is 
still called, indicates more distinctly the lesser changes 
in the inclination of the ground. 



EXAMPLE. 



The distances of the stations along a giWh line, 
measured from the beginning of the line, and their 
heights above a given line of level, determined by the 
l&st problem, from sights taken on the ground, being 
as below, the profile of the ground in the direction of 
the line, obtained by taking the heights from a scale 
three times a& great as that from which the distances 
are taken, will be that of Fig. 12t. 



BU. 


Obt 


Ht. 




8U. 


Ditt. 


Ht 
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Oft. 


41.1ft. 
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610ft. 


41,9ft. 
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38.3 
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69.2 
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69.1 
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32.5 
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56.5 
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1000 
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At the fourth station a stream of water crosses the 
line, and is noted by the letters str. placed by the side 
of the distance. 



PROBLEM m. 

To determine those points along a line running in a 
given direction^ that are at given heights above a given 
line or surface of level. 

Proceed, as directed in the last problem, to find the 
heights above the given line or surface of level, of 
those.v points in the line where there is any material 
change in the inclination of the ground, and also their 
distances from the commencement of the line. Ob- 
serve between which two of the heights obtained, any 
one of those given falls, and take their difference. 
Also take the difference between the given height and 
that one of the two which appertains to the point- 
nearest the beginning of the line. Then, as the first 
difference : the second : : the horizontal distance be- 
tween the points : to a fourth term, which added to 
the distance of the point nearest the beginning of tht 
line, will give the distance 6f the required point. 

Proceed in the same manner with the other given 
heights. 

Or we may draw, by the last problem, a profile of 
the ground, as £F, Fig. 128, in reference to the given 
line of level ef^ and on ea, perpendicular to ef^ set off 
the given heights, taking them from the scale used in 
setting off the heights of the stations. Then, through 
the points in the line eer, draw lines parallel to ef^ as 
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in the figure ; and from the points in which these meet 
the profile EF, draw lines parallel to ea. The dis- 
tances from e, at which these last linea meet ef^ will 
be the horizontal distances of the required points, from 
the beginning of the Une. 

EXAMPLE. 

Let the data found on the ground be the same as 
in the example to the last problem, and let the given 
heights of the required points be 10, 20, 30, 40, &c. 
feet. 

The distances and heights of the stations being the 
same as for the profile in Fig. 127, we shall obtain a 
similar profile EF, Fig. 128. Drawing the lines paral- 
lel to ^ at distances from it, equal to 10, 20, 30, &c. 
feet, we find that the first line above ef does not meet 
the profile EF. Consequently there is no point in the 
latter so low as 10 feet above the given level. Each 
of the other parallels meets the line EF in two points. 
There are therefore two points in the line at the height 
of 20 feet above the given level ; two at the height of 
30 feet ; and so on to 70 feet. The distances e, 40 ; 
e, 30 ; &C., on the line ef^ are the distances of the 
required points from the beginning of the line. 

In illustration of the first method of finding the dis- 
tances of the required points from the beginning of 
the line, as the given heights of the stations evidently 
show that there is no point in the line so low as 10 
feet above the given level, let it be required to find a 
point at the height of 20 feet. On examining the 
given heights of the stations, we perceive that there 
most be two such points; one between the 3d and 
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4lh stations, and one between tlie 4th and 5th. For j 
the first of these we take the difference between 15^ 
and 22.0, which is 6.7 ; the diflereoce between 20.0 1 
and 22.0, which is 2.0 ; and the difference between the | 
distances 230 and 336, which is 105. Hence, as 
6.7 : 2.0 : : 106 : 32. Adding therefore 32 to 230, 
we have 262 feet for the distance of this point. 



PROBLEM IV. 

To determine tlie undulations and inequalities of the sur' | 
face in a tract of land ABCD, Fig. 129, and to draw j 
a topographical map designating them. 

With a compass or theodoHte, run a number of ' 
I lines, o6, erf, f/", &c. across the tract, parallel to one J 
of the sides, as AB ; making ihera nearer together or ^ 
farther apart, according to the inequalities in the I 
ground and the degree of minuteness with which it is | 
intended to designate them. Drive stakes at the be- I 
ginnings and ends of the lines AB. ab, cd, &c., and afl 
ail the points along them where there is any material I 
I change in the inclination of the ground, and proceed ] 
I to level from stake to stake along these lines and the 
line AC ; also measure the distances of the stakM 
from the commencement of the lines, or from one an- 
other. Then, by problem I., find the heights of all I 
the stations where the stakes are driven, above a sup* \ 
face of level passing through the lowest station. 

Now, having drawn the lines ah, cd, ef, &c. in their \ 
proper positions on the map, determine, by the Inst 
problem, the points in these lines and the lines AB ] 
and DC, that correspond to heights in the lines on the ' 
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ground, of 10, 20, 30, 40, &c. feet, above the surface 
of level passing through the lowest station, or to any 
other heights, increasing by equal diffeHl^es, that may 
be deemed expedient. Through each set of points 
appertaining to the same height, draw a curve line. 
The curve lines thus drawn will represent lines of 
level of 10 feet, 20 feet, &c., or of the number of feet, 
of the heights used in obtaining them, whatever that 
may be. 

These lines serve to indicate the changes in the 
inclination of the ground. But it is usual, instead of 
drawing them distinctly with ink, to draw them with 
a pencil only, or faintly with Indian-ink, and then to 
shade the map by short straight lines, drawn perpen- 
dicularly from each curve of higher levels to that of 
the next lower ; the lines being drawn closer together 
and rather heavier as the distance between the lines 
of level diminishes. For those parts of the ground 
that are level, or very nearly so, the shading is omit- 
ted. The greater or less darkness of the shading on 
the different parts of the map, therefore indicates a 
greater or less inclination in the ground in those parts ; 
and the omission of the shading in any parts, indicates 
that in those places the surface is level, or very nearly 
so. In Fig. 130, we have a map of the tract, shaded 
as described above. 

Note. It is not necessary that the lines on which 
the levels are taken should be run parallel to one an- 
other. They may be run making 'given angles with 
any given^ lines of the survey. Sometimes it is de- 
sired that the surface of a particular part of the tract 
should be designated with more minuteness than is 

2L 
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important for other remote parts. In this case it will 
be found convenient to determine the position of some 
point near the middle of the part which it is desired 
particularly to designate, and then to run lines from 
this point, in directions making angles of 2(f or 30"" 
with one another. 

It may be further remarked, that instead of taking 
the surface of level through the lowest point, as the 
plane of reference, we may, if preferred, take that 
through the highest The former is however the one 
generally ti^en. 

The operations to be performed in this problem, so 
far as observations on the ground and numbers aro 
concerned, are merely repetitions of those which have 
been exemplified in the proceding proUems. An ex- 
ample is not therefore necessary. 
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18.30 


18.38 


18.38 


sc^^H 




27 


19.49 


IB. 76 


19.34 


18.84 


19.26 


18.92 


19.17 


10.01 


19.09 


19.09 


«r^H 




28 


20.14 


19.45 


120.06 




19. 9- 


19.63 


19.39 


19.71 


19.00 


19.80 


96 ^H 




29 


20.86 


20.15 


80.77 


20-24 


30.6 


20.33 


20.60,20.42 


20-51 


20,51 


<»^H 




30 


21 .50 


30. IM 


21.49 


20.93 


21 .4( 


21.03 


21.3121.12 


91.2 


il.21 


30 


H 


31 


a 30 


21 53 


22 31 


21 63 


22 1 


21.73 


23.02 21.83 


21. 9S 


21 .92 


"aT 






32 


23 02 


12 33 


22 93 


22 33 


22 8- 


iH.43 


32. 73122. 53 


22.63 


99.63 


32 






33 


23 74 


S! 9S 


S3 64 


23 03 


23 5< 


23.13 


23.44 


33.33 


23.33 


23.33 


33 






34 


24 46 


23 6" 


4 1, 


a -I 


S4 B, 


SJ.83 


24.15 


23.94 


34.04 


34.04 


34 






35 


25 It -1 "1 




M.53 


34.88 


24.64 


S4.7fi 


M.7S 


35 






36 


25 no 1 ■; 6( 


15.23 


26. S7 


25.34 


25.4< 


25.46 


3« 






37 


26 6 u % 


15.93 


36.98 


26.05 


«.1> 


H.I6 


37 






38 


27 3J ! -7 1 


».63 


S8.M 


H.TS 


ta.B7 


18,87 


38 






39 


30 > \ ] 27 aii 


r 54 


37.70 


r.« 


«.6S 


27.58 


39 






40 


28-7 


Zl -Q 




' 


fli 


28 04 


28.41 


28.16 


98. 9S 


18.98 


40 




41 


99.49 


33.48 


29.3- 


28.61 


93.2 


28.74 


89.13 


38.86 


38.9a 


28.98 


41 




43 


30.2 


29.18 


30 


OB 


29.31 


29 


W 


29.44 


29.83 


29.57 


20.70 


28.70 


42 






43 


30.93 


29.87 


30 


80 


30.00 


30 


6 


30.14 


30-54 


30.97 


30.4 


30-41 


43 






44 


31.65 


30.60 


31 


52 


f)0.70 


31 


3t 


30.84 


31.26 


30.98 


31.1 


31.11 


44 






45 


32-37 


31.26 


32 


23 


31.40 


32 


1 


31.54 


31.98 


31.88 


31.89 


31.82 


45 






46 


33.09 


31.95 


m 


9B 


32.10 


32 


8 


32.24 


31.67 


32.38 


32.53 


32.53 


.46 






47 


33.81 


32.65 


33 


67 


32.80 


33 


5 


)2.94 


33-38 


33.09 


33.93 


33.23 


47 






411 


34.53 


33.34 


34 


SB 


33.49 


34 




)3.64 


34.09 


33.79 


33.94 


ra.94 








49 


35.2s 


34.04 


35 


t( 


34.19 


34 




.14.34 


34.80 


34.50 


34.65 


34.65 


49 






SO 


35.97 


34.73 


35 




34.89 


35 




35.05 


35.S1 


35.20 


3S.3« 


35.36 


50 




a 


D^ 


lIT 


Dep. 


TiZ 


W 


Lai. 


D.p. 


Lat. 


Dop 


Lat. 


I 




4eDes. 


«i neg. 


45!Deff. 


451 Deg. 


45 D^. 




M^ 


J 



TRAVERSE TABLE. 



91 



. 



s- 



51 
52 
53 

54 
55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

■ 

s 

I 



44Deg:. 



Lat. 



36.69 
37.41 
38.12 
38.84 
39.56 
40.28 



Dep. 



41.0039.60 
41.72'40.29 



42.44 
43.16 



43.88 

44. 

45. 

46. 

46.76 

47.48 

48. 

48. 

49. 

50.35 



6043 
3243 
0444 



2046 
9247 
6347 



51.07 

51.79 

52.51 

53. 

53.95 

54.67 

55.39 

56.11 

56. 

57.55 



58.27 

58.99 

69.71 

60. 

61. 

61.86 

62. 

63. 

64. 

64. 



65.46 
66.18 



35.43 
36.12 
36.82 
37.51 
38.21 
38.90 



40.98 
41.68 



42.37 
.07 
.76 
.46 

45.15 

45.85 
.54 
.24 
.93 

48.63 



2351 



8354 



49.32 
50.02 
50.71 

.40 
52.10 
52.79 
53.49 
54.18 

.88 
55.57 



4258 
14 59 



53<60 
30 61 
0261 



7462 



56.27 
56.96 
57.66 
.35 
.05 
59.74 
.44 
.13 
.82 
.52 



66.9064.60 
67.6265.30 



68.34 
69.06 



71.21 



Dep. 



63.21 
63.91 



65.99 
66.69 



69.7867.38 
70.5068.06 



68.77 



71.9369.47 



Lat. 



461>tr. 



44iDeg. 



Lat. 



5335 



36. 

37.25 

37.96 

38.68 

39.40 

40.11 

40.83 

41.55 

42.26 

42.98 



43.69 

44.41 

45. 

45. 

46.56 

47. 

47.99 

48.71 

49. 

50. 



1343 
8444 



2846 



4248 
1448 



50.86 

51.57 

52.29 

53.01 

53. 

54.44 

55. 

55.87 

56.59 

57. 



58.02 

58.74 

59. 

60.17 

60.89 

61. 

62. 

63. 

63.75 

64.47 



65. 

65. 

66.62 

67.33 

68.05 

68.76 

69.48 

70.20 

70.91 

71. 



Dep. 



Dep. 



.59 
36.29 
36.98 
37.68 
38.38 
39.08 
39.77 
40.47 
41.17 
41.87 



42.57 
43.26 
.96 
.66 
45.36 
.05 
46.75 
47.45 
.15 
.85 



3055 



49.54 
50.24 
50.94 
51.64 

.33 
53.03 

.73 
54.43 
55.13 

.82 



72 52 



16 53 



4557 



6060 
3260 
0361 



56.52 
57.22 
.92 
58.61 
59.31 
.01 
.71 
.41 
62.10 
62.80 



1863 



9064 



63(69 



.50 
.20 
64.89 
65.59 
66.29 
66.99 
67.69 
68.38 
69.08 
.78 



Lat. 



451 De^. 



44i Deg, 



Lat. 



36.38 

37.09 

37.80 

38. 

39. 

39. 

40.66 

41.37 

42.08 

42.79 



5237 
2338 
9439 



35.75 
36.45 
37.15 
.85 
.55 
.25 
39.95 
40.65 
41.35 
42.05 



43.51 

44. 

44.93 

45. 

46.36 

47.07 

47.79 

48.50 

49.21 

49.93 



2243 



6544 



4S.76 
.46 
44.16 
.86 
45.56 
46.26 
46.96 
47.66 
48.36 
49.06 



50.64 

51. 

52. 

52. 

53.49 

54.21 

54.92 

55.63 

56. 

57.06 



35 50 
0751 
7851 



57.77 
58.49 
59.20 
59.91 
60.63 
61.34 
62.05 
62.77 
63.48 
64.19 



64.91 
65.62 
66.33 
67.05 
67.76 
68.47 
69.19 
69.90 
70.61 
71.33 



Dep. 



Dep. 



49.76 
.47 
.17 
.87 
52.57 
53.27 
53.97 
54.67 
.37 
56.07 



35 55 



56.77 
57.47 
58.18 
58.88 
59.58 
60.28 
60.98 
61.68 
62.38 
63.08 



63.78 
64.48 
65.18 
65.89 
66.59 
67.29 
67.99 
68.69 
69.39 
70.09 



Lat. 



45iD€g. 



44{Deg^. 



Lat. 



36. 

36.93 

37.64 

38.35 

39.06 

39.77 

40. 

41. 

41. 

42.61 



2235 



4840 
1940 
9041 



43. 

44. 

44.74 

45. 

46.16 

46.87 

47.58 

48.29 

49. 

49.71 



3242. 



4545, 



.94 

03143.65 

44.35 

.06 
45.76 
46.46 
47.17 
47.87 

.58 
49.28 



00|48. 



50. 

51. 

51.84 

52.55 

53.26 

53.97 

54.68 

55.39 

56. 

56.81 



4249 



1350 



57.52 

58.24 

58. 

59.66 

60.37 

61.08 

61.79 

62. 

63.21 

63. 



64.63 

65.34 

66.05 

66.76 

67.47 

68. 

68.89 

69.60 

70.31 

71. 



Dep. 



Dep. 



.90 
36.61 
37.31 
38.02 
38.72 
39.42 
.13 
.83 
.54 
42.24 



.98 
.69 
51.39 
52.10 
52.80 
53.51 
54.21 
54.91 
.62 
56.32 



1055 



9558 



5061 



9263 



57.03 
57.73 

.43 
59.14 
59.84 
60.55 
61.25 

.95 
62.66 

.36 



0270 



64.07 
64.77 
65.47 
66.18 
66.88 

.59 
68.29 
68.99 
69.70 

.40 



1867 



Lat. 



45Deg:. 



Lat. 



36.06 

36.77 

37.48 

38.18 

38. 

39. 

40.31 

41.01 

41.72141 

42.4342 



36 
36 
37 
38 
8938 
.6039 
40 
41 



43. 

43. 

44.55 

45.25 

45.96 

46.67 

47. 

48.08 

48.79 

49.50 



1343 



8443 



3847 



50.20 
50.91 
51.62 
52.33 
53.03 
53.74 
54.45 
55.15 
55.86 
56.57 



57.28 

57.98 

58.69 

59. 

60.10 

60.81 

61. 

62.23 

62.93 

63.64 



64.35 

65.05 

65.76 

66.47 

67.18 

67.88 

68.59 

69. 

70. 

70.71 



Dep. Lat 



Dep. 



.06 
.77 
.48 
.18 
.89 
.60 
.31 
.01 
.72 
.43 



.13 
.84 
44.55 
45.25 
45.96 
46.67 
.38 
48.08 
48.79 
49.50 



50.20 
50.91 
51.62 
52.33 
53.03 
53.74 
54.45 
55.15 
55.86 
56.57 



57 
57 
58 

40159 
60 
60 

5261 
69 
62 
63 



.28 
.98 
.69 
.40 
.10 
.81 
.62 
.23 
.93 
.64 



64 
65 
65 
66 
67 
67 
68 
3069 
00|70 
70 



.35 
.05 
.76 
.47 
.18 
.88 
.59 
.30 
.00 
.71 



45i Deg. I 46 Deg. 



I 



51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



9 

.9 
P 



"i :. i 



■ 


^^^m 


1 


■ 


1 


1 


^^^^^B^^^^RB ^^^1 


1 


■ 


1 


^ A TllBLf 


: 


"^^H 




p 


OP 


^H 


■ 


1 LOGARITHMS, ^B 


m 


L FROM 1 TO 10, 


^H 


1 


^ 


I 




JVole. The index of the logarithm of every intega 


1 


number consisting of only one figure is 0, of two figure^^J 


1 


, of three figurea 2, of four figures 3; being always ^| 


unit less than the number of 6gure8 contained in iLe 


i 


iteger number. In this table, as is generally the case, 


the index to the logarithm of every number above 100 m^^ 


umitted ; yet in the operation must be prefixed accordiii^^J 


t 


this remark; so the logarithm of 700 is 2,84510, an^| 





f 7000 is 3,84310, and so of the rest. * 


m 




No. 


Log. 


Na 


Log. 


No. 


Log. 


No- 


Lot. 


No. 


Log. 


1 


O.OOOOO 


21 


1.32222 


TT 


1.61278 


61 


1. 71)533 


81 


1.90849 




2 


0.30103 


22 


1.34242 


42 


1-82395 


62 


1.79239 




1.91381 






3 


0.47Tia 


23 


1.36173 


43 


1.63347 


63 


1.79934 


83 


1.91908 






4 


o.eosM 


24 


1.38021 


44 


1.64345 


64 


1-8061B 


84 


1.92428 






5 


0.B9897 


25 


1.39794 


45 


1.65321 


65 


1.Q1391 


85 


1.9294! 






6 


0.77815 


28 


1.41497 


4S 


1.66276 


66 


1.81954 


86 


1-93450 






7 


0.84510 


27 


1. 43136 


47 


1-67210 


87 


1.82607 


87 


1-93934 






8 


0.90309 


28 


1.44716 


43 


1.60124 


68 


1.8:K51 


88 


1-94448 






9 


0.954M 


as 


1.48240 


49 


1.69020 


60 


1.8:1885 


89 


1. 94939 






10 


1.00000 


30 


1.4T712 


SO 


1.69897 


70 


1.84510 


90 


1.95424 




"TT 


1.04139 


31 


1.49136 


51 


1 .70757 


71 


1.85126 


91 


1. 95904 




la 


1-07918 


32 


1.50515 


62 


1.71600 


72 


]. 85733 


92 


1 96379 






13 


1.11394 


33 


1-51851 


53 


1.72428 


73 


1.86332 


93 


1 -96848 






14 


1.14613 


34 


I.S3I48 


54 


1.73239 


74 


1.06923 


94 


1.97313 






15 


1.17609 


35 


1.54407 


55 


1.74036 


75 


1.87506 


95 


1.97772 






16 


1.90413 


36 


1.55630 


5S 


1-74819 


76 


l-8B0ei 


98 


1.9822T 






17 


1.43045 


37 


1.56820 


57 


1.7SS87 


7T 


1-88649 


97 


1.98677 






IB 


1.95527 




1.57978 


58 


1-T6343 


78 


1-89209 


98 


l.MIM 






19 


1-27875 


39 


1.69108 


59 


1.77085 


79 


1.89763 


98 


1.99664 






30 


1.30103 


40 1.60308 


60 


1.7781S 


80 


1.90309 


100 


s.ooooo 


1 


m. 


^^^^m 



Logarithms from I to 10,000. 



93 



No. 
100 





1 


2 


3 


4 


5 


6 


7 


8 


9 


00000 


00043 


00087 


00130 


00173 


00217 


00260 


00303 


00346 


0Q389 


101 


00432 


00475 


00518 


00561 


00604 


00647 


00689 


00732 


00775 


00817 


102 


00860 


00903 


00945 


00988 


01030 


01072 


01115 


01157 


01199 


01242 


103 


01284 


01326 


01368 


01410 


01452 


01494 


01536 


01578 


01620 


01662 


104 


01703 


01745 


01787 


01828 


01870 


01912 


01953 


01995 


02036 


02078 


105 


02119 


02160 


02202 


02243 


02284 


02325 


02366 


02407 


02449 


02490 


106 


02531 


02572 


02612 


02653 


02694 


02735 


02776 


02816 


02857 


02898 


107 


02938 


02979 


03019 


03060 


03100 


03141 


03181 


03222 


03262 


03302 


108 


03342 


03383 


03423 


03463 


03503 


03543 


03583 


03623 


03663 


03703 


109 
110 


03743 


03782 
04179 


03822 
04218 


03862 
04258 


03902 
04297 


03941 


03981 
04376 


04021 
04415 


04060 
04454 


04100 
04493 


04139 


04336 


111 


04532 


04571 


04610 


04650 


04689 


04727 


04766 


04805 


04844 


04883 


112 


04922 


04961 


04999 


05038 


05077 


05115 


05154 


05192 


05231 


05269 


113 


05308 


05346 


05385 


05423 


05461 


05500 


05538 


05576 


05614 


05652 


114 


05690 


05729 


05767 


05805 


05843 


05881 


05918 


05956 


05994 


06032 


115 


06070 


06108 


06145 


06183 


06221 


06258 


06296 


06333 


06371 


06408 


116 


06446 


06483 


06521 


06558 


06595 


06633 


06670 


06707 


06744 


06781 


117 


06819 


06856 


06893 


06930 


06967 


07004 


07041 


07078 


07115 


07151 


118 


07188 


07225 


07262 


07298 


07335 


07372 


07408 


07445 


07482 


07518 


119 
120 


07555 
07918 


07591 
07954 


07628 
07990 


07664 
08027 


07700 


07737 
08099 


07773 


07809 
08171 


07846 
08207 


07882 


08063 


08135 


08243 


121 


08279 


08314 


08350 


08386 


08422 


08458 


08493 


08529 


08565 


08600 


122 


08636 


08672 


08707 


08743 


08778 


08814 


08849 


08884 


08920 


08955 


123 


08991 


09026 


09061 


09096 


09132 


09167 


09202 


09237 


09272 


09307 


124 


09342 


09377 


09412 


09447 


09482 


09517 


09552 


09587 


09621 


09656 


125 


09691 


09726 


09760 


09795 


09830 


09864 


09899 


09934 


09968 


10003 


126 


10037 


100T2 


10106 


10140 


10175 


10209 


10243 


10278 


10312 


10346 


127 


10380 


10415 


10449 


10483 


10517 


10551 


10585 


10619 


10653 


10687 


128 10721 


10755 


10789 


10823 


10857 


10890 


10924 


10958 


10992 


11025 


129 
130 


11059 
11394 


11093 
11428 


11126 
11461 


11160 
11494 


11193 
11528 


11227 
11561 


11261 
11594 


11294 
11628 


11327 


11361 
11694 


11661 


131 


11727 


11760 


11793 


11826 


11860 


11893 


11926 


11959 


11992 


12024 


132 


12057 


12090 


12123 


12156 


12189 


1922? 


12254 


12287 


12320 


12352 


133 


12385 


12418 


12450 


12483 


12516 


12548 


12581 


12613 


12646 


12678 


134 


12710 


12743 


12775 


12808 


12840 


12872 


12905 


12937 


12969 


13001 


135 


13033 


13066 


13098 


13130 


13162 


13194 


13226 


13258 


13290 


13322 


136 


13354 


13386 


13418 


13450 


13481 


13513 


13545 


13577 


13609 


13640 


137 


13672 


13704 


13735 


13767 


13799 


13830 


13862 


13893 


13925 


13956 


138 


13988 


14019 


14051 


14082 


14114 


14145 


14176 


14208 


14239 


14270 


139 
140 


14301 
14613 


14333 
14644 


14364 
14675 


14395 
14706 


14426 
14737 


144o7 
14768 


14489 


14520 
14829 


14551 
14860 


14582 
14891 


14799 


141 


14922 


14953 


14983 


15014 


15045 


15076 


15106L 


15137 


15168 


15198 


142 


15229 


15259 


15290 


15320 


15351 


15381 


15412 


15442 


15473 


15503 


143 


15534 


15564 


15594 


15625 


15655 


15685 


15716 


15746 


15776 


15806 


144 


15836 


15866 


15897 


15927 


15957 


15987 


16017 


16047 


16077 


16107 


145 


16137 


16167 


16197 


16227 


16256 


16286 


16316 


16346 


16376 


16406 


146 


16435 


16465 


16495 


16524 


16554 


16584 


16613 


16643 


16673 


16702 


147 


16732 


16761 


16791 


16820 


16850 


16879 


16909 


16938 


16967 


16997 


148 


17026 


1705e 


17085 


17114 


17143 


17173 


17202 


17231 


17260 


17289 


149 
150 


17319 
17609 


17348 
17638 


17377 
17667 


17406 
17696 


17435 


17464 
17754 


17493 
17782 


17522 
17811 


17551 
17840 


17580 
17869 


17725 


151 


17898 


17926 


17955 


17984 


18013 


18041 


18070 


18099 


18127 


18156 


152 


18184 


18213 


18241 


18270 


18298 


18327 


18355 


18384 


18412 


18441 


153 


18469 


18498 


18526 


18554 


18583 


18611 


18639 


18667 


18696 


18724 


154 


18752 


18780 


18808 


18837 


18865 


18893 


18921 


18949 


18977 


19005 


155 


19033 


19061 


19089 


19117 


19145 
19424 


19173 


19201 


19229 


19257 


19285 


156 


19312 


19340 


19368 


19396 


19451 


19479 


19507 


19535 


J9562 


157 


19590 


19618 


19645 


19673 


19700 


19728 


19756 


19783 


19811 


19838 


158 


19866 


19893 


19921 


19948 


19976 


20003 


20030 


20058 


20085 


20112 


1 159 


20140 


20167 1 20194 


20222 


20249 


20276 


20303 


120330 


20358 


20385 





H Logarithms from 1 to 10,000. 









1 


3 


3 


4 


5 


6 


7 


8 


9 






160 


20412 


20439 


20466 


20493 


i0520 


20548 


20575 


20602 


90629 


20656 






let 


206B3 


20710 


ai737 


20763 


20790 


20817 


20844 


90871 


90818 


3U925 






Il69 


20932 


20978 


21005 


21032 


91059 


21085 


21113 


21139 


2t1(> 


1112 






1183 


21219 


31245 


21272 


21299 


21335 


31352 


31378 


21405 


9143 








194 


21484 


ai5ii 


21537 


21564 


21590 


21617 


21643 


21669 


2 e 






165 


21748 


21775 


21801 


21837 


21854 


31880 


21906 


91932 


21 






IfiS 


23011 


22037 


22063 


22089 


32115 


22141 


22167 


32194 


as^-u 1, 






167 


33272 


23298 


22334 


22350 


22376 


22401 


22437 


39453 


3247'' jl 






16S 


22531 


22557 


22583 


32608 


22634 




22686 


22712 


29" J7 


2--63 






IC9 


2S708 


22814 


22840 


^866 


2239 


22') 7 


^4J 


2968 


32994 


23019 






no 


23045 


23070 


J3096 


23 21 


3 47 


2J i 


23 18 


J223 


^49 


2^74 






171 


23300 


23325 


333a0 


U J4U 




14 




_i 


i38 






172 


23SS3 


23578 


2Jb 


J 79 






173 


23805 


33830 


231 


JO 






174 


24055 


24080 


24 ^3 






175 


34304 


24329 


24 


4 27 






176 


24551 


3457S 


2460 _ 


4 3 






177 


24797 


248S3 


348411 


41, 


i 6 





4Q44 




l<3 


.5018 






178 


25043 


25066 


35091 


25115 


2a 39 


2^104 


25188 


i. 1 


25237 


35261 






179 


25385 


35310 


35334 


35358 


95J82 


3^406 


2543 




"54 9 


asaos 






180 


25527 


3SS51 


25575 


35600 


3j6/4 


25648 


2^679 


2a()1t, 


25 20 


25744 






lai 


25768 


25793 


2&BI6 


2^840 


25864 


35888 


25912 


■.93S 


25039 


-5983 






lea 


26007 


36031 


360S5 


36079 


36103 


26126 


36150 


"B 74 


SGI^e 


«oaai 






1113 


26245 


26M9 


26293 


26316 


26340 


20304 


26387 


204 1 


86435 


36458 






184 


26482 


36505 


26529 


365S3 


28578 


26600 


26623 


■ G 7 


3 6 694 






185 


28717 


26741 


36764 


267R8 


26811 


36834 


96858 








186 


28951 


28975 


26998 


27021 


27045 


2706B 


2709 








187 


27184 


27307 


27231 


37254 


37377 


27300 


273. 








tea 


27416 


37439 


37462 


97485 


27508 


2T531 


arss 






IBS 


27646 


27669 


27692 


27715 


27738 


27761 


27784 






190 


2787S 


27898 


27921 


27944 


27967 


27989 


2U0 2 f 






191 


2Q103 


28126 


28149 


28171 


28194 


23317 


2H2J 1 1)2 28285 28307 






m 


28330 


28353 


2B375 


28308 


26421 


28443 


311466 1 a-au (tall SU533 






193 


28558 


38578 


3860] 


28633 


98646 


28668 


guetl 3 758 






194 


28780 


38803 


28825 


28847 


28870 


28H92 








195 


39003 


29026 


29048 


29070 


99092 


29115 


2913 






196 


29326 


29348 


29270 


29392 


89314 


39336 


P3^ 






197 


89447 


29469 


29491 


29513 


29535 


29557 


395 






t9B 


29667 


29688 


29710 


29732 


29754 


39776 


29798 








199 




39907 


29929 


99951 


29973 


99994 


300 6 


JOI J 


30<M- 


oIKM 








30103 


.ioTw 


30146 


3016B 


30190 


30jn 


3oarn 


30-35 


■30'"e 


3O20S 






201 


30320 


30341 


30363 


30384 


30406 


30498 


30449 


30471 


30492 


30ol4 






aoi 


30535 


30557 


30578 


30600 


3D62I 


30643 


30004 


30S 5 


30707 


30-98 






203 


30750 


30771 


30792 


30814 


M836 


30856 


3a'l78 


30899 


309S0 


30943 






304 


30963 


30984 


31006 


31027 


31048 


31069 


31091 


31112 


31133 


ana* 






aos 


31175 


31197 


31218 


31239 


31260 


31281 


31302 


31333 


31345 


31386 






aoe 


31387 


31408 


31429 


31450 


31471 


31492 


31513 


3153-1 


315.15 


3I5T9 






207 


31597 


31618 


31639 


31660 


31681 


31702 


31723 










20G 


31806 


31827 


31848 


31869 


31890 


31911 


31931 .!!■...■ .■! ■: : ;■■ .: 






309 


32015 


32035 


32056 


32077 


32098 


3S118 


32130 


.;,■■■ 1 






sto 


39222 


3m3 


32263 


32384 


3^05 


3232.^ 










Sll 


32428 


32449 


32469 


32490 


32510 


32.531 


33552 


:1^7. ;:,■.■ ....ii 






313 


33634 


33654 


32675 


39695 


32715 


33736 


32756 




3-2T97 


328 18 IK 




213 


3283Q 




32879 


32899 


32919 


32940 


32960 


32980 


33001 


amftfl 




314 


33041 


33063 


33089 


33102 


33123 


33143 


33183 


331B3 


33103 






316 


33344 


33264 


33284 


33304 


33325 


33343 


33365 


33385 


33405 






aiB 


£646 


33465 


334B9 


33506 


33596 


33546 33566 


33586 


33606 






217 


33668 


33686 


33706 


33726 


33746 33766 


3378S 


33806 






318 


33046 


33866 




33905 


33935 


S3045 33965 


33935 


3M05 






219 


34044 


34004 


34084 


34104 


34124 


34143 34163 


34183 






^M 


^ 


-•■ 


1 




1 



Logarithms from 1 to 10,000. 



95 



No. 



220 
221 
222 



224 
225 



227 



230 
231 



235 



237 
238 
239 

240 
241 
242 
243 
244 
245 
246 
247 
248 
249 

250 
251 
252 
253 
254 
255 
256 
267 
258 
259 



260 
261 



263 
264 
265 
266 
267 
268 
269 

270 
271 
272 
273 
274 
275 
276 
277 
278 
279 






1 


2 


3 


4 


5 


6 


7 


8 


34242 
34439 
34635 
34830 
.35025 
35218 
35411 
35603 
35793 
35984 


34262 
34459 
34655 
34850 
35044 
35238 
35430 
35622 
35813 
36003 

36192 
36380 
36568 
36754 
36940 
37125 
37310 
37493 
37676 
37858 

38039 
38220 
38399 
38578 
38757 
38934 
39111 
39287 
39463 
39637 

39811 
39985 
40157 
40329 
40500 
40671 
40841 
41010 
41179 
41347 

41514 
41681 
41847 
42012 
42177 
42341 
42504 
42067 
42830 
42991 

43152 
43313 
43473 
43632 
43791 
43949 
44107 
44264 
44420 
44576 


34282 
34479 
34674 
34869 
35064 
35257 
35449 
35641 
35832 
30021 


34301 
34498 
34694 
34889 
35083 
35276 
35468 
35660 
35851 
36040 

36229 
36418 
36605 
36791 
36977 
37162 
37346 
37530 
37712 
37894 

38075 
38256 
38435 
38614 
38792 
38970 
39146 
39322 
39498 
39672 


34321 
34518 
34713 
34908 
35102 
35295 
35488 
35679 
35870 
36059 

36248 
36436 
36624 
36810 
36996 
37181 
37365 
37548 
37731 
37912 

38093 
38274 
38453 
38632 
38810 
38987 
39164 
39340 
39515 
39690 


34341 
34537 
34733 
34928 
35122 
35315 
35507 
35698 
35889 
36078 


34361 

34557 
34753 
34947 
35141 
35334 
35526 
35717 
35908 
36097 


34380 
34577 
34772 
34967 
35160 
35353 
35545 
35736 
35927 
36116 

36305 
36493 
36680 

«fOoOO 

37051 
37236 
37420 
37603 
37785 
37967 


94400 
34596 
34792 
34986 
35180 
35372 
35564 
35755 
35946 
36135 


36173 
36361 
36549 
36736 
36922 
37107 
37291 
37475 
37658 
37840 


36211 
36399 
36586 
36773 
36959 
37144 
37328 
37511 
3^94 
37876 


36267 
36455 
36642 
36829 
37S014 
37199 
37383 
37566 
37749 
37031 


36286 
36474 
36661 
36847 
37033 
37218 
37401 
37585 
37767 
37949 


36324 
36511 
36698 
36884 
37070 
37254 
37438 
37621 
37803 
37985 


38021 
38202 
38382 
38501 
38739 
38917 
39094 
39270 
39445 
39620 


38057 
38238 
38417 
38596 
38775 
38952 
39129 
39305 
39480 
39655 


38112 
38292 
38471 
38650 
38828 
38005 
39182 
39358 
39533 
39707 


38130 
38310 
38489 
38668 
38846 
39023 
39199 
39375 
39550 
39724 


38148 
38328 
38507 
38686 
38863 
39041 
39217 
39393 
39568 
39742 


38166 
38346 
3a525 
38703 
38881 
39058 
39235 
39410 
39585 
39769 


39794 
39967 
40140 
40312 
40483 
40654 
40824 
40993 
41162 
41330 


39829 
40002 
40175 
40346 
40518 
40688 
40858 
41027 
41196 
41363 


39846 
40019 
40192 
40364 
40535 
40705 
40875 
41044 
41212 
41380 


39863 
40037 
40209 
40381 
40552 
40722 
40892 
41061 
41229 
41397 


39881 
40054 
40226 
40398 
40569 
40739 
40909 
41078 
41246 
41414 


39898 
40071 
40243 
40415 
40586 
40756 
40926 
41095 
41263 
41430 


39915 
40088 
40261 
40432 
40603 
40773 
40943 
41111 
41280 
41^7 


39933 
40106 
40278 
40449 
40620 
40790 
40960 
41128 
41296 
41464 

41631 
41797 
41963 
42127 
42292 
42455 
42619 
42781 
42943 
43104 

43265 
43425 
43584 
43743 
43902 
44059 
44217 
44371 
44529 
44685 


41497 
41664 
41830 
41996 
42160 
42325 
42488 
42651 
42813 
42975 


41531 
41697 
41863 
42029 
42193 
42357 
42521 
42684 
42846 
43006 


41547 
41714 
41880 
48045 
42210 
42374 
42537 
42700 
42862 
43024 

43185 
43345 
43505 
43664 
43823 
43981 
44138 
442S6 
44461 
44607 


41564 
41731 
41896 
42062 

42390 
42553 
42716 
42878 
43040 


41581 
41747 
41913 
42078 
42243 
42406 
42570 
42732 
42894 
43056 

43217 
43377 
43537 
43696 
43854 
44012 
44170 
44326 
44483 
44638 


41597 
41764 
41929 
42095 
42259 
42423 
42586 
42749 
42911 
43072 


41614 
41780 
41946 
42111 
42275 
42439 
42602 
42765 
42927 
43088 

43249 
43409 
43569 
43727 
43886 
44044 
44201 
44358 
44514 
44669 


43136 
43297 
43457 
43616 
43775 
43933 
44091 
44248 
44404 
44560 


43169 
43329 
43489 
43648 
43807 
43965 
44122 
44279 
44436 
44592 


43201 
43361 
43521 
43680 
43838 
43996 
44154 
44311 
44467 
44623 


43233 
43393 
43553 
43712 
43870 
44028 
44185 
44342 
44498 
44654 



9 



34420 
34616 
34811. 
35005 
35199 
35392 
35583 
35774 
35966 
36154 

36342 

2C530 
36717 
36903 
37088 
37278 
37467 
37639 
37822 
38008 

38184 
38364 
38543 
38721 
38899 
39076 
39252 
39428 
39602 
39777 

39960 
40128 
40296 
40466 
40637 
40807 
40976 
41146 
^318 
41481 

41647 
41814 
41979 
42144 
42308 
42472 
42636 
42797 
42959 
43120 

43281 
43441 
43600 
43759 
43917 
44075 
44232 
44389 
44545 
44700 1 



f. 





6 LogarithmB from I to 10,000. 


■ 


No. 


1 


2 


' 


4 


5 


J_ 


7 


8 









280 


44716 


44731 


44747 


44762 


44778 


S793 




44t»4 


44840 


44B55 






281 


44871 


44886 


44902 


44917 


44932 


44948 


44963 


44979 


44904 


45010 






383 


45025 


45040 


45056 


4.6071 


46086 


45102 


45117 


45133 


45148 


45163 






283 


45170 


45194 


45909' 


45225 


45240 


46966 


45271 


45286 


45301 


45317 






284 


45332 


46347 


45362 


45378 


45393 


45408 


45423 


46439 


46464 


4646B 






as5 


45484 


45500 


45515 


45530 


4SS4S 


45561 


45576 


45591 


45606 


45631 








45637 


45652 


45667 


45G82 


45697 


46712 


45728 


45743 


45758 


46773 




* 


287 


45788 


45B03 


45818 


45834 


46840 


45864 


45879 


45894 


45909 


45934 








45938 


45954 




45984 


46000 


46015 


46030 


46045 


46060 


46075 








46090 


46105 


40120 


46135 


46150 


46165 


46180 


46195 


46310 


46ae5 






aao 


46^ 


46255 


46270 


46286 


4S300 


46315 


46330 


46345 


46359 


46374 






■291 


46309 


46404 


464 IS 


46434 


46449 


46464 


46479 


46494 


46509 


46533 






292 


46538 


46553 


46568 


46583 


48508 


46613 


46627 


46642 


46657 


46673 






393 


46687 


46702 


46716 


46731 


46746 


46761 


46776 


467B0 


46806 


48820 






994 


46835 


46850 


46864 


46879 


46804 


46B09 


46923 


46938 


46953 


48967 






295 


46982 


46B97 


47012 


47026 


47041 


47056 


47070 


47085 


47100 


47114 






886 


47123 


47144 


47159 


47173 


47188 


47203 


47217 


47232 


47346 


47261 






297 


47276 


47290 


47305 


47319 


47334 


47349 


47363 


47378 


4739S 


47407 






sea 


47422 


47438 


47451 


47465 


47480 


474S4 


47509 


47524 


47538 


47553 






299 


47567 


47582 


47506 


47611 


47625 


47640 


47654 


47669 


47693 


47608 






300 


47712 


47727 


47741 


47756 


47770 


47784 


47799 


478r3 


47838 


47842 






301 


47857 


47871 


47885 


47900 


47914 


47099 


47943 


47958 


47978 


47986 






302 


48001 


43015 


48029 


48044 


48058 


48073 


40087 


48101 


48116 


48130 






303 


48144 


4B159 


48173 


48187 


48202 


48216 


48930 


48244 


48269 


48273 






304 


48287 


48302 


48316 


48330 


48344 


48359 


48373 


48387 


48401 


48418 






305 


48430 


48444 


4H458 


48473 


4B487 


48501 


48515 


48530 


48544 


485S8 






306 


48572 


48586 


48601 


48615 


48630 


4B643 


48657 


48671 


48686 


48700 






307 


48714 


48728 


48742 


4S756 




48785 


48799 


48RI3 


48827 


48841 






308 


48855 


48869 




48897 


48011 


48036 


48940 


48054 


48968 


4898J 






309 


48996 


49010 


40024 


49038 


49052 


49066 


49080 


49004 


49108 i 4<.lei 






310 


49136 


4B150 


49164 


49178 


40102 


49206 


49220 


49334 


493r-lll iv-T.j 






311 


49278 


49290 


49304 


403IB 


49333 


49346 


49360 


49374 


4e:ii!i; )■■]■■,■ 






312 


49415 


494S9 


49443 


49457 


49471 


49485 


49499 


49513 


4052" ;■' II 






313 


49564 


485AS 


495SS 


49696 


49610 


49624 


49638 


49651 


4906.; \--r.:- 






314 


49693 


49707 


49721 


49734 


49748 


49763 


49776 


48790 


49G03 








315 


49831 


49845 


49830 


49872 


49888 


49900 


49914 


49937 


49941 


40055 






316 


49069 


49SRS 


49fiBS 


50010 


50024 


50037 


50051 


50065 


60070 


50093 






317 


60106 


50120 


50133 


50147 


50161 


50174 


50188 


50202 


50215 


50299 






318 


50243 


50256 


50270 


50284 


S0297 


50311 


50335 


50338 


50S54 


50386 






319 


50379 


50393 


50406 


50430 


50433 


50447 


50461 


50474 


50488 


50501 






390 


50315 


50530 


50542 


60556 


60560 


50583 


50596 


50610 


50623 


3063T 






321 


50651 


50664 


5067B 


50691 


50705 


50718 


50732 


S0745 


50759 


50T78 






3^ 


50786 


50799 


50813 


50896 


50840 


50853 


60066 


50880 


60893 


50907 






333 


50920 


50934 


S0D47 


50961 


50974 


50987 


51001 


51014 


51096 


51MI 






SZi 


S1055 


51068 


51081 


51095 


51108 


51121 


51135 


51148 


51163 


5117S 






325 


5 1 188 


51202 


51215 


51298 


61242 


61255 


51268 


51382 


51296 


51308 






326 


51322 


51335 


51348 


51369 


51375 


51388 


51402 


51416 


51438 


61441 






327 


51455 


51468 


51481 


6I49S 


61508 


51521 


51534 


61548 


S156I 


51574 






328 


51587 


51601 


51614 


5IB27 


51640 


51654 


51667 


616BO 


51693 


61708 






329 


51720 


51733 


51746 


51759 


51779 


51786 


51799 


S1812 


51825 


6IS3S 






330 


51851 


51865 


61878 


51891 


51904 


51917 


siwo 


5T9« 


51957 


5T»76 






331 


51983 


51996 


52000 


53022 


53035 


52048 


63061 


52075 


SSOOB 


69101 






332 


52114 


52127 


52140 


52153 


52166 


59170 


59192 


52205 


5221S 


S2S3I 






333 


52244 


S2557 


52970 


52284 


52397 


59310 


52393 


59336 


52349 


59369 






334 


52375 


5236 S 


52401 


62414 


534S7 


62440 


53453 


52466 


53479 


634M 






335 


52504 


52.iI7 


52^30 


5'3543 


53556 


33568 


62502 


63S95 


62608 


5S89I 






33<i 






VMflO 


52873 


52686 


a3SS9 


52711 


52724 


52737 


52750 










5280S 


52815 


sam. 


62840 


63853 


63866 


59879 








52930 


52943 


UM 


52969 


52982 


52994 


53007 




I 


:i:y.' ■' ■ :<ilrtls3aiB 


63071 


»S 


63097 


531 10 5312S 


63135 




k 




















^ 


I 


1 



Logarithms from 1 to 10,000. 



97 



No. 

340 
341 
342 
343 
344 
345 
346 
347 
348 
349 

350 
351 
352 
353 
354 
355 
356 
357 
358 
359 

360 
361 
362 
363 
364 
365 
366 
367 
368 
369 

370 
371 
372 
373 
374 
375 
376 
377 
378 
379 

380 
381 
382 
383 
384 
385 
386 
387 
388 
389 

390 
391 
392 
393 
394 
395 
396 
397 
398 
399 





1 


2 


3 


4 


5 


6 


7 


8 . 

63250 
63377 
63504 
63631 
53757 
63882 
64008 
64133 
64258 
64382 


9 


53148 
53275 
53403 
53529 
53656 
53782 
53908 
54033 
54158 
54283 

54407 
54531 
54654 
54777 
54900 
55023 
55145 
55267 
55388 
55509 

55630 
55751 
55871 
55991 
56110 
56229 
56348 
56467 
56585 
56703 

56820 
56937 
57054 
57171 
57287 
57403 
57519 
57634 
57749 
57864 

57978 
58092 
58206 
583S0 
58433 
58546 
58659 
58771 
58883 
58995 

59106 
59218 
59329 
59439 
59550 
5966u 
59770 
59879 
59988 
60097 


63191 
53288 
63415 
53542 
5366^ 
53794 
53920 
54045 
54170 
54295 


53173 
63301 
63428 
63555 
53681 
53807 
53933 
54058 
54183 
54307 


63186 
63314 
63441 
53567 
53694 
53820 
53945 
64070 
54196 
54320 


53199 
63326 
63463 
53580 
63706 
63832 
63968 
64083 
64208 
64332 


63212 
63339 
63466 
63593 
53719 
53845 
53970 
64096 
54220 
543^6 

54469 
54593 
64716 
54839 
54962 
55084 
55206 
55328 
55449 
56570 


63S24 
53352 
63479 
53606 
63732 
53857 
53983 
54108 
64233 
64357 

64481 
64606 
64728 
64851 
54974 
55096 
66218 
55340 
55461 
55582 


63237 
63364 
63491 
63618 
63744 
63870 
63995 
64120 
64246 
64370 


53263 
63390 
63517 
63643 
63769 
53895 
64020 
54145 
64270 
54394 


54419 
54543 
54667 
54790 
54913 
55035 
55157 
55279 
56400 
55522 

56642 
65763 
65883 
56003 
56122 
56241 
56360 
56478 
56597 
56714 

56832 
56949 
57066 
57183 
57299 
57415 
57530 
57646 
57761 
57875 

57990 
68104 
58218 
58331 
68444 
58557 
58670 
58782 
58894 
59006 

59118 
59229 
59340 
59450 
59561 
59671 
59780 
59890 
59999 
60108 


54432 
54656 
54679 
54802 
54925 
55047 
55169 
66291 
55413 
55534 

55654 
55775 
55895 
56015 
56134 
56253 
56372 
56490 
56608 
56726 

56844 
56961 
57078 
57194 
67310 
57426 
57542 
57657 
57772 
57887 

58001 
58115 
58229 
58343 
58456 
5a569 
58681 
58794 
58906 
59017 

59129 
59240 
59351 
59461 
69572 
59682 
59791 
59901 
C0010 
G0119 


64444 
54568 
64691 
54814 
54937 
65060 
55182 
55303 
65425 
55546 

55666 
55787 
65907 
56027 
66146 
56265 
66384 
56502 
56620 
56738 


64466 
64680 
64704 
54827 
54949 
55072 
55194 
66316 
65437 
66668 


64494 
64617 
64741 
54864 
64986 
65108 
65230 
55352 
55473 
55694 


64606 
64630 
64753 
64876 
64998 
66121 
65242 
66364 
66485 
65606 


54518 
64642 
64766 
64888 
^11 
65133 
65256 
65376 
55497 
55618 

65739 
65859 
55979 
56098 
56217 
56336 
56456 
56673 
56691 
56806 


65678 
55799 
55919 
66038 
56158 
56277 
56396 
56514 
56632 
56750 

56867 
56984 
57101 
57217 
57334 
57449 
57565 
57680 
57795 
57910 

58024 
58138 
58252 
68365 
68478 
58591 
58704 
58816 
58928 
59040 

59151 
59262 
59373 
59483 
59594 
59704 
69813 
60923 
1B0032 
60141 


55691 
55811 
55931 
56050 
56170 
56289 
56407 
56526 
56644 
56761 


55703 
55823 
55943 
56062 
56182 
56301 
56419 
56538 
66656 
56773 


55716 
65835 
55956 
56074 
56194 
56312 
56431 
56549 
56667 
56785 

56902 
57019 
57136 
57252 
57368 
57484 
57600 
57715 
57830 
57944 

58058 
58172 
68286 
58399 
58512 
58625 
58737 
58850 
58961 
59073 

59184 
59295 
59406 
59517 
59627 
59737 
59846 
59956 
60065 
60173 


65727 
65847 
65967 
66086 
66206 
66324 
56443 
66561 
56679 
56797 

56914 
57031 
57148 
57264 
57380 
57496 
57611 
67726 
57841 
57965 

68070 
68184 
58297 
58410 
68524 
58636 
58749 
58861 
58973 
59084 

69195 
59306 
59417 
59528 
59638 
59748 
59857 
59966 
60076 
60184 


56855 
56972 
57089 
57206 
57322 
57438 
57553 
57669 
57784 
57898 

58013 
58127 
58240 
58354 
68467 
58580 
58692 
58805 
58917 
59028 

69140 

59251 

59362 

59472 

59583 

59693 

59802 

59m 

6O0« 

60130 


56879 
56996 
57113 
57229 
57345 
57461 
57576 
57692 
57807 
57921 

58035 
58149 
68263 
58377 
58490 
58602 
58715 
58027 
58939 
59051 

59162 
59273 
59384 
59494 
59605 
59715 
59824 
59934 
60043 
60152 


56891 
57008 
57124 
57241 
57357 
57473 
57588 
57703 
57818 
57933 

68047 
58161 
68274 
58388 
58501 
58614 
58726 
58838 
58950 
59062 

59173 
59284 
59396 
59506 
59616 
59726 
59835 
59945 
60054 
60163 


56926 
57043 
57159 
57276 
57392 
57507 
57623 
57738 
67852 
57967 


58081 
58195 
68309 
58422 
58535 
58647 
58760 
58872 
58984 
69096 


59207 
59318 
59428 
59539 
59649 
59759 
59868 
59977 
60086 
60196 



N 







No. 





1 


2 


3 


4 


5 


G 


7 


8 


9^^H 




4t«U 


61^06 


60217 


60^ 


60239 


60249 


60260 


mri 


60282 


eom 


6CQ0i^^| 




401 


60314 


603^5 


60336 


60347 


00358 


60369 


60379 


60390 


60401 


WUlt^^H 




402 


1M4'23 


60433 




60455 


60466 


60477 


60487 


60498 


60509 








60531 




60552 


00563 


e0574 


60584 


60505 


60606 


60617 


6063? ^^H 




404 


6063U 


60649 


60660 


60670 


60681 


60692 


60703 


60713 


60724 






4U5 


Btr.A'i 


60756 


60767 


60778 


60788 


60799 


60810 


60821 


G0831 






40G 


G0H53 


GOWdJ 


60B74 


G0885 


60895 


60906 


60917 


60927 


60938 






407 




60970 


60981 


60991 


61002 


61013 


610S3 


61034 


61045 






408 


6106G 


H1077 


61087 


61098 


61109 


61119 


61130 


61140 


611S1 






409 


61172 


611(3 


61194 


61204 


61215 


61225 


61236 


61247 


61257 


6138S^^H 




410 


6127a 


61289 


61300 


61310 


61331 


61331 


G1342 


61352 


61303 






411 


613114 


61395 


61405 


61416 


61426 


C1437 


61448 


61458 


61469 






4ia 


61490 


61500 


61511 


61521 


61532 


61543 


61553 


61563 


61574 






413 


61595 


61606 


61616 


61627 


61637 


61648 


61658 


61669 


61679 






414 


61700 


61711 


61721 


61 731 


61742 


61752 


61763 


61773 


61784 


ensiW^M 




415 


61 BOS 


61815 


61826 


61836 


61847 


6 1857 


61868 


61878 


6IB88 


6189fl^^H 




416 


61909 


61820 


61930 


61941 


61951 


61962 


61972 


61982 


61993 






417 


63014 


63024 


62034 


62045 


62055 


62068 


62076 


62086 


62097 






413 


69118 


63128 


62138 


62149 


S915S 


62170 


63180 


6S190 


63801 






419 


6-2221 


62232 


62842 


63252 


62363 


63373 


62384 


62294 


62304 


63315^^1 




4ia 


62325 


62335 


62346 


62356 


62366 


62377 


^ 


62397 


68408 






4ai 


82428 


62439 


62449 


62459 


62469 


62480 


62490 


62500 


62511 


82681^^1 




4« 


62531 


62S43 


63S52 


62562 


62572 


62583 


62593 


63603 


63613 






4X1 


63634 


62644 


62655 


62865 


62675 


62685 




62706 


62716 






424 


82737 


62747 


63757 


62767 


62778 


82788 


62798 


62808 


62818 






425 




62849 


62859 


62870 


62880 


62890 


62900 


69910 


62931 






426 


62941 


62951 


62961 


62972 




62992 


63002 


63012 


63022 






427 


63043 


63053 


63063 


63073 


63083 


63094 


63104 


63114 


63124 


63)34^^1 




4'^ 


63144 


63155 


63165 


63175 


63185 


63195 


63205 


63915 


63285 






4-29 


63246 


63256 


632G6 


63276 


63286 


63296 


63306 


03317 


63337 


633n^^H 




430 


63347 


63357 


63367 


63377 


63387 


63397 


63407 


63417 


634« 






431 


63448 


63458 


63468 


63478 


63488 


63498 


63508 


63518 








43a 


63548 


63558 


63668 


63579 


63589 


G3599 


63609 


63619 


63629 






433 


63649 


63669 


63669 


63679 




63699 


63709 


63719 


63789 


6Ti»^^M 




434 


63749 


63758 


63769 


63779 


63789 


63700 


63809 


63819 


63829 






435 


63849 


63859 


63869 


63879 


63889 




63909 


63919 


63929 






436 


63949 


63959 


63969 


63979 




63998 


64008 


64018 


64098 






437 


6404B 


64058 


64068 


64078 


64088 


64098 


64108 


64118 


64138 


641^^^^ 




43i) 


64147 


64167 


64167 


64177 


641 87 


64197 


64207 


64317 


64237 






430 


64246 


64256 


64266 


64376 


64286 


64296 


64306 


64316 


64336 






440 


04345 


64355 


64365 


64375 


64385 


643B5 


64404 


64414 


64434 






441 


64144 


64454 


64464 


64473 


64483 


64493 


64503 


64513 


64SS3 






443 


64542 


64552 


64562 


64572 


64582 


64591 


64601 


64611 


64681 






44.3 


64640 


64650 


64660 


64670 


64680 


64689 


64699 


64709 


84719 








64738 


64748 


64758 


64768 


64777 


64787 


64797 


64807 


64816 








64836 


64846 


64856 


64865 


64875 


64885 


G4895 


64904 


64914 






446 


64933 


64943 


64953 


64963 


64972 


64982 


64992 


65002 


65011 






447 


6503! 


6.5040 


65050 


6.5060 


65070 


05079 


05089 


65099 


65108 


65n^^H 




448 


65128 


65137 


05147 


65157 


05167 


65176 


65186 


65196 


65205 


65S]^^H 




449 


65225 


65334 


65244 


65254 


65263 


65273 


65283 


653S2 


65302 








65321 


65331 


65341 


65350 


65360 


65369 


65379 


65309 


65398 






4S1 


65418 


6.5427 


65437 


65447 


65456 


65486 


6S47S 


65485 


65495 






452 


65514 


65523 




65543 


65552 


6556! 


6557] 


655B1 


65591 






453 


65610 


65619 


65629 


65639 


65648 


65658 


65667 


65677 


86686 






454 


65706 


65715 


65725 


65734 


65744 


65753 


65763 


65773 


65783 


85^^^H 






65601 


65811 


65820 


65(130 


65B39 


65848 


65858 


65868 


65877 






456 




65906 


6,5910 


65925 


65935 


65044 


65954 


65963 


65973 






4.57 


65992 


66001 


66011 


66020 


66030 


66099 


66049 


66058 


66068 






4.58 


66087 


66096 


6G106 


66115 


66124 


66134 


66143 


661.53 


66162 


6617«^^H 




4.59 66181 


66191 


66200 


66210 


6G219 


66229 


66238 


66247 


66257 




b M 



Logarithms from 1 to 10,000. 



99 



No. 

460 
461 
462 
463 
464 
465 
466 
467 
468 
469 

470 
471 
472 
473 
474 
475 
476 
477 
478 
479 

480 
481 
482 
483 
484 
485 
486 
487 
488 
489 

490 
491 
492 
493 
494 
495 
496 
497 
498 
499 

500 
501 
502 
503 
504 
505 
506 
507 
508 
509 

510 
511 
512 
513 
514 
515 
516 
517 
518 
519 





1 


2 


3 


4 


5 


6 


7 


8 


9 


66276 
66370 
66464 
66558 
66652 
66745 
66839 
66932 
67025 
67117 


66286 
66380 
66474 
66567 
66661 
66755 
66848 
66941 
67034 
67127 

67219 
67311 
67403 
67495 
67587 
67679 
67770 
67861 
67952 
68043 

68133 
68224 
68314 
68404 
68494 
68583 
68673 
68762 
68851 
68940 

69028 
69117 
69205 
69294 
69381 
69469 
69557 
69644 
69732 
69819 

69906 
69992 
70079 
70165 
70252 
70338 
70424 
70509 
70595 
70680 

70766 
70851 
70935 
71020 
71105 
71189 
71273 
71357 
71441 
71525 


66295 
66389 
66483 
66577 
66671 
66764 
66857 
66950 
67043 
67136 

67228 
67321 
67413 
67504 
67596 
67688 
67779 
67870 
67961 
68052 

68142 
68233 
68323 
68413 
68502 
68592 
68681 
68771 
68860 
68949 


66304 
66398 
66492 
66586 
66680 
66773 
66867 
66960 
67052 
67145 

67237 
67330 
67422 
67514 
67605 
67697 
67788 
67879 
67970 
68061 

68151 
68242 
6839S 
68422 
68511 
68601 
68690 
68780 
68869 
68958 


66314 
66408 
66502 
66596 
66689 
66783 
66876 
66969 
67062 
67154 

67247 
67339 
67431 
67523 
67614 
67706 
67797 
67888 
67979 
68070 

68160 
68251 
68341 
68431 
68520 
68610 
68699 
68789 
68878 
68966 

69055 
69144 
69232 
69320 
69408 
69496 
69583 
69671 
69758 
69845 

69932 
70018 
70105 
70191 
70278 
70364 
70449 
70535 
70621 
70706 

70791 
70876 
70961 
71046 
71130 
71214 
71299 
71383 
71466 
71550 


66»3 
66417 
66511 
66605 
66699 
66792 
66885 
66978 
67071 
67164 


66332 
66427 
66521 
66614 
66708 
66801 
66894 
66987 
67080 
67173 

67265 
67357 
67449 
67541 
67633 
67724 
67815 
67906 
67997 
68088 


66342 
66436 
66530 
66624 
66717 
66811 
66904 
66997 
67089 
67182 


66351 
66445 
66539 
66633 
66727 
66820 
66913 
67006 
67099 
67191 

67284 
67376 
67468 
67560 
67651 
67742 
67834 
67925 
68015 
68106 

68196 
68287 
68377 
68467 
68556 
68946 
68735 
68824 
68913 
69002 


66361 
66455 
66549 
66642 
66736 
66829 
66922 
67015 
67108 
67201 


67210 
67302 
67394 
67486 
67578 
67669 
67761 
67852 
67943 
68034 

68124 
68215 
68305 
68395 
68485 
68574 
68664 
68753 
68842 
68931 


67256 
67348 
67440 
67532 
67624 
67715 
67806 
67897 
67988 
68079 


67274 
67367 
67459 
67550 
67642 
67733 
67825 
67916 
68006 
68097 


67293 
67385 
67477 
67569 
67660 
67752 
67843 
67934 
68024 
68115 


68169 
68260 
68350 
68440 
68529 
68619 
68706 
68797 
68886 
68975 


68178 
68269 
68359 
68449 
68538 
68628 
68717 
68806 
68895 
68984 


68187 
68278 
68368 
68458 
68547 
68637 
68726 
68815 
68904 
68993 


68206 
68296 
68386 
68476 
68565 
68655 
68744 
68833 
68922 
69011 


69020 
69108 
69197 
69285 
69373 
69461 
69548 
69636 
69723 
69810 


69037 
69126 
69214 
69302 
69390 
69478 
69566 
69653 
69740 
69827 

^9914 
70001 
70088 
70174 
70260 
70346 
70432 
70518 
70603 
70689 

70774 
70859 
70944 
71029 
71113 
71198 
71282 
71366 
71450 
71533 


69046 
69135 
69223 
69311 
69399 
69487 
69574 
69662 
69749 
69836 


69064 
69152 
69241 
69329 
69417 
69504 
69592 
69679 
69767 
69854 


69073 
69161 
69249 
69338 
69425 
69513 
69601 
69688 
69775 
69862 


69082 
69170 
69258 
69346 
69434 
69522 
69609 
69697 
69784 
69871 


69090 
69179 
69267 
69355 
69443 
69531 
69618 
69705 
69793 
69880 

69966 
70053 
70140 
70226 
70312 
70398 
70484 
70569 
70655 
70740 

70825 
70910 
70995 
71079 
71164 
71248 
71332 
71416 
71500 
71584 


69099 
69188 
69276 
69364 
69452 
69539 
69627 
69714 
69801 
69888 


69897 
69984 
70070 
70157 
70243 
70329 
70415 
70501 
7a586 
70672 

70757 
70842 
70927 
71012 
71096 
71181 
71265 
71349 
71433 
71517 


69923 
70010 
70096 
70183 
70269 
70355 
70441 
70526 
70612 
70697 

70783 
70868 
70952 
71037 
71122 
71206 
71290 
71374 
71458 
71542 


69940 
70027 
70114 
70200 
70286 
70372 
70458 
70544 
70629 
70714 

70800 
70885 
70969 
71054 
71139 
71223 
71307 
71391 
71475 
71559 


69949 
70036 
70122 
70209 
70295 
70381 
70467 
70552 
70638 
70723 

70808 
70893 
70978 
71063 
71147 
71231 
71315 
71399 
71483 
71567 


69958 
70044 
70131 
70217 
70308 
70389 
70475 
70561 
70646 
70731 

70817 
70902 
70986 
71071 
71156 
71240 
71324 
71408 
71492 
71575 


69975 
70062 
70148 
70234 
70321 
70406 
70492 
70578 
70663 
70749 


70834 
70919 
71008 
71088 
71172 
71257 
71341 
71425 
71508 
71592 



too Logarithms from 1 lo 10,000. 


■ 




So. 





1 


2 


3 


4 


5 


6 


7 


8 


9 






^ 


71600 


71609 


71617 


71625 


71634 


71642 


71660 


71659 


71667 


71675 








T16S4 


71692 


71700 


71709 


71717 


71795 


71734 


71742 


71760 


71759 






S33 


71767 


71775 


71784 


71792 


71800 


71809 


71817 


71825 


71834 


71it49 






i23 


71850 


71858 


71867 


71875 


71883 


71892 


71900 


71908 


71917 


71925 






524 


71933 


71941 


71950 


71968 


71066 


71975 


71983 


71991 










iiS 


7a»16 


72024 


72032 


72041 


79049 


72057 


72066 


72074 


79(M!2 


7-2090 






536 


720B9 


72107 


79115 


72123 


72132 


72140 


72148 


72156 


72165 


7iMTJ 






5^ 


73181 


7211iS 


72198 


72206 


72214 


72222 


72230 




79247 


72255 






oiS 


7:2963 


72272 


72280 


72288 


72296 


72304 


72313 


79321 


79399 


72337 






Si9 


73346 


72354 


72362 


72370 


72378 


72387 


72395 


72403 


72411 


72419 






^ 


72488 


78436 


72444 


72452 


72460 


72469 


72477 


72485 


72493 


72601 






531 


72509 


72518 


72526 


72534 


72542 


72550 


72558 


72567 


72575 


795S3 






532 


7S591 


72590 


72607 


72616 


726S4 


72632 


79640 


72648 


72656 


7366S 






533 


72673 


72681 


72689 


72697 


72705 


72713 


72722 


72730 


72738 


72746 






534 


72754 


72763 


72770 


79770 


79787 


79795 


72803 


72811 


72819 


79897 






535 


72835 


72843 


72852 


72860 


72868 


79876 


72884 




72900 


79908 






536 


72916 


72925 


72933 


72B41 


72949 


72957 


72966 


72973 


72981 


72S8H 






537 


72997 


73006 


73014 


73092 


73030 


73038 


73046 


73054 


73062 


73070 






5311 


73078 


73086 


73094 


73109 


73111 


73119 


73127 


73135 


73143 


73151 






539 


73IS9 


73167 


73175 


73183 


73191 


73199 


73207 


73215 


73223 


73231 






540 


73239 


m47 


732S5 


73263 


73272 


73280 


73988 


73296 


73304 


7^19 






54! 


73320 


73328 


73336 


73344 


73352 


73360 


73368 


73378 


73384 


73394 






H-i 


734O0 


73408 


73418 


■ra424 


73432 


73440 


73448 


73456 


73464 


73479 






543 


73480 


73*88 


73496 


73504 


73519 


73520 


73528 


73536 


73544 


73559 






544 


73560 


73568 


73576 


73584 


73599 


73600 


73608 


73616 


73694 


73639 






545 


73640 


73648 


73656 


73664 


73672 


73679 


73687 


73695 


73703 


73711 






546 


73719 


73727 


73735 


73743 


73751 


73759 


73767 


73775 


73783 


7;1T!<1 






547 


73799 


73807 


73815 


73893 


73830 


73838 


73846 


73854 


73862 








5.W 


73878 


73886 


73694 


73902 


73910 


73018 


73926 


73933 


73941 








549 


73957 


73965 


73973 


73981 


73989 


73897 


74005 


74013 


7402)) 








550 


74036 


74044 


74059 


74060 


74068 


74076 


74084 


74099 


74099 


7410^ 






551 


74115 


74123 


74131 


74139 


74147 


74155 


74162 


74170 


74178 


74186 






55*2 


74194 


74S0S 


74210 


74918 


74925 


74233 


74211 


74S49 


74257 


7426S 






553 


74373 


74280 


74288 


74996 


74304 


74319 


74320 


74327 


74335 


7434: 






554 


74351 


74358 


74367 


74374 


74389 


74390 


74398 


74406 


74414 








555 


74429 


7443T 


74445 


74453 


74461 


74468 


74476 


74484 


74492 


74501 






558 


74507 


74515 


74523 


74531 


74539 


74547 


74554 


74568 


74570 


74570 






557 


74586 


74593 


74601 


74609 


74617 


74624 


74632 


74640 


74848 


74656 






558 


74663 


74671 


74679 


74687 


74695 


74702 


74710 


74718 


74796 


7473S 






559 


74741 


74749 


74757 


74764 


74779 


74780 


74788 


74796 


74803 


74811 






560 


74819 


74827 


74834 


74849 


74850 


74858 


74805 


74873 


74881 


74889 






561 


74896 


74M4 


74912 


74990 


74927 


74035 


74943 


74950 


74958 


74966 






563 


74974 


74B81 


74989 


74997 


75005 


75012 


75090 


75028 


75036 


75043 






563 


75051 


75059 


75066 


76074 


75082 


75089 


75097 


75105 


75113 


75190 






564 


75128 


75136 


75143 


75151 


75159 


75166 


75174 


75182 


75189 


75197 






565 


75905 


7SS13 


75290 


75228 


75938 


75943 


759SI 


75259 


75966 


75274 






566 


75283 


75289 


75297 


75305 


75319 


75330 


75398 


75335 


75343 


75351 






567 


75358 


75368 


75374 


75381 


75389 


7r>397 


75404 


75412 


75.120 


75.1'27 






sen 


7S43S 


75442 


75450 


75458 


75465 


75473 


75481 








MD 


75511 


75519 


75590 


75534 


75542 


75549 


75.557 








570 


75587 


75595 


75603 


75610 


75618 


75628 


756^ 't . ■■ : - , ., 






571 


75664 


7567! 


75679 


75686 


75694 


75702 


75709 T . - - - . , - - ■ 






57a 


75740 


75747 


75755 


75762 


75770 


75778 


75785 7 -.. - :.. :. ,,■ 






573 


75815 


75823 


73B3I 


75838 


75848 


75853 


75861 7 . 7 - : ■ 






574 


75891 


75899 


75906 


75914 


75BS1 


75999 


759^7 7 : : 






575 


75967 


75974 


75982 


75989 


75997 


76005 


76019 :. 






S76 


76Wa 


76050 


76057 


76065 


76072 


76080 


76087 7.„.'.. 7. .■..!: TMI. 






577 


76118 


76125 


78133 


76140 


76148 


78155 


76183 '7'>i7(n:(;i7a7Giai 






578 


76193 


76900 


76208 


76215 


76223 


76930 


76938 1 76245 1 76253 76280 






579 


76-2B8 1 76275 1 70283 


76290 


76298 


76305 


76313 ! 76.120 1 76328 1 76336 




^. M 


1 



Logarithms from 1 to 10,000. 



101 



No. 

580 
581 



583 

584 
585 
586 
587 
588 
589 

590 
591 
592 
593 
594 
595 
596 
597 
598 
599 

600 
601 
602 
603 
604 
605 
606 
607 
608 
6^ 

610 
611 
612 
613 
614 
615 
616 
617 
618 
619 

620 

621 

622 

623 

624 

625i 

626 

627 

628 

6S» 

630 
631 
632 
633 

634 
635 
636 
637 
638 
639 



76343 
76418 
76492 
76567 
76641 
76716 
76790 
76864 
76938 
77012 

77085 
77159 
77232 
77305 
77379 
77452 
77525 
77597 
77670 
77743 

77815 
77887 
77960 
78032 
78104 
78176 
78247 
78319 
78390 
78462 

78533 
78604 
78675 
78746 
78817 
78888 
78958 
79029 
79099 
79169 

79239 
79309 
79379 
79449 
79518 
79588 
79657 
79727 
79796 
79865 

79934 
80003 
80072 
80140 
80209 
80277 
80346 
80414 
80482 
80550 



76350 
76426 
76500 
76574 
76649 
76723 
76797 
76871 
76945 
77019 

77093 
77166 
77240 
77313 
77386 
77459 
77532 
77605 
77677 
77750 

77822 
77895 
77967 
78039 
78111 
78183 
78254 
78326 
78398 
78469 

78540 
78611 
78682 
78753 
78824 
78895 
78965 
7903S 
79106 
79176 

79246 
79316 
79386 
79456 
79525 
79595 
79664 
79734 
79803 
79872 

79941 
80010 
80079 
80147 
80216 
80284 
80353 
80421 
80489 
80W7 



2 


3 


4 


5 


76368 
76433 
76507 
76582 
76656 
76730 
76805 
76879 
76953 
77026 


76366 
76440 
76515 
76589 
76664 
76738 
76812 
76886 
76960 
77034 

77107 
77181 
77254 
77327 
77401 
77474 
77546 
77619 
77692 
77764 

77837 
77909 
77981 
78053 
78125 
78197 
78269 
78340 
78412 
78483 

78554 
78625 
78696 
78767 
78838 
78909 
78979 
79050 
79120 
79190 

79260 
79330 
79400 
79470 
79539 
79609 
79678 
79748 
79817 
79886 

79955 
80024 
80092 
80161 
80229 
80298 
80366 
80434 
80502 
80570 


76373 
76448 
76522 
76597 
76671 
76745 
76819 
76893 
76967 
77041 


76380 
76456 
76530 
76604 
76678 
76753 
76827 
76901 
76975 
77048 


77100 
77173 
77247 
77320 
77393 
77466 
77539 
77612 
77685 
77757 


77115 
77188 
77262 
77335 
77408 
77481 
77554 
77627 
77699 
77772 


77122 
77195 
77269 
77342 
77415 
77488 
77561 
77634 
77706 
77779 


77830 
77902 
77974 
78046 
78118 
78190 
78262 
78333 
78405 
78476 


77844 
77916 
77988 
78061 
78132 
78204 
78276 
78347 
78419 
78490 


77851 
77924 
77996 
78068 
78140 
78211 
78283 
78355 
78426 
78497 


78547 
78618 
78689 
78760 
78831 
78902 
78972 
79043 
79113 
79183 


78561 
78633 
78704 
78774 
78845 
78916 
78986 
79057 
79127 
79197 


78569 
78640 
78711 
78781 
78852 
78923 
78993 
79064 
79134 
79204 


79253 
79323 
79393 
79463 
79532 
79602 
79671 
79741 
79810 
79879 


79267 
79357 
79407 
79477 
79546 
79616 
79685 
79754 
79824 
79893 


79274 
79344 
79414 
79484 
79553 
79623 
79692 
79761 
79831 
79900 

79969 
80037 
80106 
80175 
80243 
80312 
80380 
80448 
80516 
80584 


79948 
80017 
80085 
80154 
80223 
80291 
80359 
80428 
80496 
80564 


79962 
80030 
80099 
80168 
80236 
80305 
80373 
80441 
80509 
80577 



6 



76388 
76462 
76537 
76612 
76686 
76760 
76834 
76908 
76982 
77056 

77129 
77203 
77276 
77349 
77422 
77495 
77568 
77641 
77714 
77786 

77859 
77931 
78003 
78075 
78147 
78219 
78290 
78362 
78433 
78504 

78576 
78647 
78718 
78789 
78859 
78930 
79000 
79071 
79141 
79211 

79281 
79351 
79421 
79491 
79560 
79630 
79699 
79768 
79837 
79906 

79975 
80044 
80113 
80182 
80250 
80318 
80887 
80455 
80523 
80591 



76395 
76470 
76545 
76619 
76693 
76768 
76842 
76916 
76989 
77068 

77137 
77210 
77283 
77357 
77430 
77503 
77576 
77648 
77721 
77793 

77866 
77938 
78010 
78082 
78154 
78226 
78297 
78369 
78440 
78512 

78583 
78654 
78725 
78796 
78866 
78937 
79007 
79078 
79148 
79218 

79288 
79368 
79428 
79488 
79567 
79637 
79706 
79775 
79844 
79913 

79982 
80051 
80120 
80188 
80257 
80325 
808to 
80462 
80530 
80598 



8 



76408 
76477 
76552 
76626 
76701 
76775 
76849 
76923 
76997 
77070 

77144 
77217 
77291 
77364 
77437 
77510 
77583 
77656 
77728 
77801 

77873 
77945 
78017 
78069 
78161 
78233 
78305 
78376 
78447 
78519 

78590 
78661 
78732 
78808 
78873 
78944 
79014 
79085 
79155 
79225 

79295 
79365 
79435 
79505 
79574 
79644 
79713 
79782 
79851 
79920 

79989 
80058 
80127 
80195 
80264 
80332 
80400 
80468 
80536 
80604 



76410 
76485 
76559 
76634 
76708 
76782 
76856 
76930 
77004 
77078 

77151 
77225 
77298 
77371 
77444 
77517 
77590 
77663 
77735 
77808 

77880 
77952 
78025 
78097 
78168 
78240 
78312 
78383 
78455 
78526 

78597 
78668 
78739 
78810 
78880 
78951 
79021 
79092 
79162 
79232 

79302 
79372 
79442 
79511 
79581 
79650 
79720 
79789 
79858 
79927 

79996 
80065 
80134 
80202 
80271 
80339 
80407 
80475 
80543 
80611 



27 ♦ 



lOJ Logarithms from 1 to 10,000. 


■ 




No. 


D 


1 


2 


3 


4 


5 


6 


7 


8 


9 






MO 


80618 


80625 


80632 


80638 


»0645 


80652 


80659 


80665 


00672 


80678 






S4I 


8068S 


B06B3 


80699 


80706 


110713 


80720 


80726 


80733 


80740 


80747 






643 


807S4 


80760 


80767 


B0774 


80781 


00707 


80794 


80301 


80808 


80814 






M3 


801121 


80828 


80835 


80841 


80848 


80(155 


00862 


80868 


80876 


80883 






644 


80889 


80895 


80902 


30909 


60916 


80922 


80929 


80936 


80943 


80949 






G-la 


60956 


S0963 


80969 


80976 


80983 


00990 


00996 


81003 


81010 


eion 






646 


81033 


81030 


01037 


81043 


81050 


81057 


81064 


81070 


81077 


81084 






647 


8)090 


81097 


81104 


01111 


81117 


81124 


01131 


81137 


0)144 


B1151 






648 


81158 


81164 


01I7I 


81178 


81184 


81191 


81198 


81204 


01311 


813tii 






649 


81294 


81231 


81238 


81245 


(iiasi 


81250 


01265 


81271 


01278 


81S85 






650 


81301 


81298 


81305 


81311 


81318 


81325 


01331 


01330 


01346 


81361 






6S1 


81358 


81365 


8I37I 


81378 


01385 


81391 


81398 


81405 


81411 


81413 






652 


81485 


81431 


81438 


81445 


81451 


81458 


81465 


81471 


81478 


81486 






653 


81491 


81498 


81.505 


81511 


81518 


81525 


81531 


81538 


81S44 


81651^^| 




6S4 


81558 


81564 


81571 


81578 


81584 


81591 


81598 


81604 


01611 


eieiT^^H 




635 


81634 


81631 


81637 


81644 


B1651 


81657 


81664 


81671 


81677 








81690 


8169? 


81704 


31710 


81717 


31723 


01730 


01737 


81743 






657 


81757 


81763 


81770 


81776 


81783 


81790 


81796 


81803 


81809 






65i) 


81833 


81829 


81838 


81843 


81849 


81858 


81362 


01869 


6 1875 






esg 


81889 


S18S5 


81902 


81908 


81915 


819S1 


81938 


81935 


81941 


S19^^^H 




661) 


81954 


81961 


81960 


81974 


81901 


81987 


81994 


83000 


goof 






661 


82020 


82027 


82033 


83040 


82046 


82053 


03060 


82066 


830T3 






662 


82036 


83092 


82099 


82105 


83112 


32119 


82125 


83133 


89138 






663 


89151 


82158 


82164 


02171 


82178 


32184 


82191 


82197 


82204 






664 


asaiT 


82223 


82230 


82236 


82243 


82249 


82256 


82263 


83369 






6S5 


82282 


82289 


82205 


R2302 


82308 


82315 


82321 


89328 


82334 








82347 


82354 


82360 


82367 


82373 


82380 


82387 


83393 


82400 






667 


8:2413 


82419 


82426 


82435 


82439 


024i.5 


02453 




82486 






G68 


82478 


82484 


82491 


82497 


82504 


83510 


02517 


02523 


82530 






eea 


8S543 


83549 


83556 


82S6S 


82569 


82.575 


82583 


02.588 


83595 


B9601^^H 




670 


8M07 


8-2614 


82620 


82627 


82633 


82640 


82646 


82663 


82859 






671 


82972 


82679 


83685 


82692 




82706 


02711 


02718 


G27X4 






672 


82737 


82743 


82750 


83750 


82763 


82769 


82776 










673 


83802 


82803 


82814 


82821 


82827 


82034 


82840 


82847 


83853 






674 


82866 


83872 


82879 


82885 


83392 




82905 


82911 


83918 






675 




B29arT 


82943 


83950 


82958 


82963 


82969 


0S975 


83989 






676 


82995 


S3001 


83008 


83014 


83020 


03027 


83033 


83040 


03046 






677 


83059 


B3oas 


83072 


83073 


83085 


83091 


33097 


83104 


S3I10 






678 


831S3 


83129 


83136 


83143 


83149 


83155 


83161 


83168 


B3174 






679 


03187 


83193 


83200 


83306 


83213 


03218 


33225 


83233 


S3238 


83941^^^1 




m 


03251 


83257 


03264 


83270 


B3276 


83283 


83289 


83296 


6^^ 






6S1 


83315 


83321 


03327 


83334 


83340 


03347 


83353 


83359 


83366 






6113 


83378 


03385 




83398 


83404 


83410 


83417 


83433 


83439 






6(13 


83442 


83448 


83455 


83461 


83467 


83474 


83480 


03487 


8S493 






604 


83506 


83512 


83518 


83525 


83531 


03537 


83544 


83550 








6S,i 


83569 


83575 


83582 


83588 


B3594 


83601 


03607 


83613 


036S0 






em 


8363! 


H3639 


83645 


83651 


836S8 


83664 


03670 


R3677 


83683 


^ess^^H 




6B7 


83696 


83701 


83703 


83715 


83721 


03727 


83734 


83740 


83746 








83759 


83765 


83771 


83778 


83784 


83790 


83797 


83803 


B3S09 






6G9 


83822 


83898 


83835 


83841 


83847 


83853 


03860 


83066 


B387S 


B38Tft^^^| 




690 


83S85 


83891 


83897 


K904 


83910 


83916 


839^ 




^ 






631 


83948 


83954 


83960 


03967 


83973 


83979 


B398S 


83993 


E3988 






692 


84011 


84017 


84033 


04O29 


S4036 


84042 


84048 


04055 


84081 






693 


84073 


84080 


84086 


8409S 


84098 


84105 


84111 


04117 


B4133 


e4i3ol^H 




694 


84136 


84142 


84148 


84155 


84161 


84167 


04173 


84100 


84186 






695 


84198 


84805 


84311 


84217 


84223 


84*30 


04236 


84343 


84248 






696 


84261 


84267 


84273 


84280 


84286 


04292 


B4S90 


84305 


04311 






697 


04323 


84330 


84336 


84342 


04348 


843.54 


84361 


04367 


8437a 


S43T&I^H 




691! 


84386 


84392 


8^1390 


84404 


84410 


84417 


04433 


84429 


84435 






699 84448 1 i:'l454 


81.160 84466 


84473 


0.1479 


84405 


84401 


84497 


84504| 


^ 


^ 




1 



Logarithms from 1 to 10,000. 
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No. 

700 
701 
702 
703 
704 
705 
706 
707 
708 
709 

710 
711 
712 
713 
714 
715 
716 
717 
718 
719 

720 
721 
722 
723 
724 
725 
726 
727 
728 
7^ 

730 
731 
732 
733 
734 
735 
736 
737 
738 
7^ 

740 
741 
742 
743 
744 
745 
746 
747 
748 
749 

750 
751 
752 
753 
754 
755 
756 
757 
758 
759 



84510 
84572 
84634 
84696 
84757 
84819 
84880 
84942 
85003 
85065 

85126 
85187 
85248 
85309 
85370 
85431 
85491 
85552 
85612 
85673 

85733 
85794 
85854 
85914 
85974 
86034 
86094 
86153 
86213 
86273 

86332 
86392 
86451 
86510 
86570 
86629 
86688 
86747 
86806 
86864 

86923 
86982 
87040 
87099 
87157 
87216 
87274 
87332 
87390 
87448 

87506 
87564 
87622 
87679 
87737 
87795 
87852 
87910 
«7967 
88024 



1 



84516 
84578 
84640 
84702 
84763 
84825 
84887 
84948 
85009 
85071 

85132 
85193 
85254 
85315 
85376 
85437 
85497 
85558 
85618 
85679 

85739 
85800 
85860 
85920 
85980 
86040 
86100 
86159 
86219 
86279 

86338 
86398 
86457 
86516 
86576 
86635 
86694 
86753 
86812 
86870 

86929 
86988 
87046 
87105 
87163 
87221 
87280 
87338 
87396 
87454 

87512 
87570 
87628 
87685 
87743 
87800 
87858 
87915 
87973 
88030 



2 


3 


4 


84522 


84528 


84535 


84584 


84590 


84597 


84646 


84652 


84658 


84708 


84714 


84720 


84770 


84776 


84782 


84831 


84837 


84844 


84893 


84899 


84905 


84954 


84960 


84967 


85016 


85022 


85028 


85077 
85138 


85144 


85089 


85150 


85199 


85205 


85211 


85260 


85266 


85272 


85321 


85327 


85333 


85382 


85388 


85394 


85443 


85449 


85455 


85503 


85509 


85516 


85564 


85570 


85576 


85625 


85631 


85637 


85685 


a<>691 
85751 


85697 
85757 


85745 


85806 


85812 


85818 


85866 


85872 


85878 


85926 


85932 


85938 


85986 


85992 


85998 


86046 


86052 


86058 


86106 


86112 


86118 


86165 


86171 


86177 


86225 


86231 


86237 


86285 
86344 


86291 


86297 


86350 


86356 


86404 


86410 


86415 


86463 


86469 


86475 


86522 


86528 


86534 


86581 


86587 


86593 


86641 


86646 


86652 


86700 


86705 


86711 


86759 


86764 


86770 


86817 


86823 


86829 


86876 
86935 


86882 


86888 


86941 


86947 


86994 


86999 


87005 


87052 


87058 


87064 


87111 


87116 


87122 


87169 


87176 


87181 


87227 


87233 


87239 


87286 


87291 


87297 


87344 


87349 


87355 


87402 


87408 


87413 


87460 
87518 


87466 
87523 


87471 


87529 


87576 


87581 


87587 


87633 


87639 


87645 


87691 


87697 


87703 


87749 


87754 


87760 


87806 


87812 


87818 


87864 


87869 


87875 


87921 


87927 


87933 


87978 


87984 


87990 


88036 


88041 


88047 



84541 
84603 
84665 
84726 
84788 
84850 
84911 
84973 
85034 
85095 

85156 
85217 
85278 
85339 
85400 
85461 
85522 
85582 
85643 
85703 

85763 
85824 
85884 
85944 
86004 
86064 
86124 
86183 
86243 
86303 

86362 
86421 
86481 
86540 
86599 
86658 
86717 
86776 
86835 
86894 

86953 
87011 
87070 
87128 
87186 
87245 
87303 
87361 
87419 
87477 

87535 
87593 
87651 
87708 
87766 
87823 
87881 
87938 
87996 
88053 



6 



84547 
84609 
84671 
84733 
84794 
84856 
84917 
84979 
85040 
85101 

85163 
85224 
85285 
85345 
85406 
85467 
85528 
85588 
85649 
85709 

85769 
85830 
85890 
85950 
86010 
86070 
86130 
86189 
86249 
86308 

86368 
86427 
86487 
86546 
86605 
86664 
86723 
86782 
86841 
86900 

86958 
87017 
87075 
87134 
87192 
87251 
87309 
87367 
87425 
87483 

87541 
87599 
87656 
87714 
87772 
87829 
87887 
87944 
88001 
88058 



84553 
84616 
84677 
84739 
84800 
84862 
84924 
84985 
85046 
85107 

85169 
86230 
85291 
85352 
85412 
85473 
85534 
85594 
85656 
85715 

85775 
85836 
85896 
85956 
86016 
86076 
86136 
86195 
86256 
86314 

86374 
86433 
86493 
86552 
86611 
86670 
86729 
86788 
86847 
86906 

86964 
87023 
87081 
87140 
87198 
87256 
87315 
87373 
87431 
87489 

87547 
87604 
87662 
87720 
87777 
87835 
87892 
87950 
88007 
88064 



8 



84569 
84621 
84683 
84746 
84807 
84868 
84930 
84991 
85052 
85114 

85175 
85236 
85297 
85368 
85418 
85479 
85540 
85600 
85661 
85721 

85781 
86842 
85902 
85962 
86022 
86062 
86141 
86201 
86261 
86320 

86380 
86439 
86499 
86558 
86617 
86676 
86735 
86794 
86853 
86911 

86970 
87029 
87087 
87146 
87204 
87262 
87320 
87379 
87437 
87495 

87552 
87610 
87668 
87726 
87783 
87841 
87898 
87955 
88013 
88070 



9 



84566 
84628 
84689 
84751 
84813 
84874 
84936 
84997 
85058 
85120 

85181 
85242 
85303 
85364 
85426 
85486 
85546 
85606 
85667 
85727 



85788 
85848 
85908 
85968 
86028 
86088 
86147 
86207 
86267 
86326 



86386 
86445 
86504 
86564 
86623 
86682 
86741 
86800 
86859 
86917 



86976 

87035 

87093 

87151 

87210 

87268 

8732641 

87384 

87442 

87500 



87558 
87616 
87674 
87731 
87789 
87846 
87904 
87961 
88018 
88076 






■ 


104 Logarithms from 1 to 10,000. 


1 




No. 





1 


S 


3 


4 


6 


6 


7 


. , 


■ 




TtiO 


aawii 


8S0&7 


S8(ffi3 


88098 


88104 


88110 


88116 


88131 


88137 88133 






761 


88138 


88144 


88160 


88156 


88161 


88167 


88173 


88178 


88184 88190 






763 


88195 


aaaoi 


88307 


88913 


88318 


88224 


88930 


88335 


88241 8B347 






763 


88258 


88358 




811270 ' !i(:-275 1 88281 


88987 




88398 


88304 






764 


88309 


88315 


883'Ji ■■ ■ -■ ■ . an 


88343 


88*49 


88355 


UB360 






1765 


88366 


88373 


8!!l1:T -.'h 


88400 


88406 


80413 


88417 






766 


88423 


88499 


884-1: .1 


88457 


88463 


88468 


8R474 








(18480 


88485 


8njyi , .,i>;i 


88513 


88519 


8K525 


885;10 








88536 


88542 


88547 ,.....-.,. ..■,:' ..-Ul 


88570 


88576 


88581 


U8587 






769 


88593 


S8598 


88604 


KU610 


ilHG15 


I!li631 


88697 


88632 


88638 


81:643 






770 


88S4B 


88655 


88660 




88679 


88677 


886^ 


88689 


88694 


B870O 






771 


88705 


88711 


88717 


88733 


88728 


88734 


88739 


88745 


88760 


88754 






77a 


8D7G3 


88767 


B8773 


88778 


887B4 


88790 


88795 


88801 


mwj 


88812 






773 


88818 


88834 


88839 


88835 


88840 


88846 


88853 


88857 


88863 






774 


88B74 




88885 


88891 


88897 


88909 


88908 


88913 


88919 






775 


88930 


08936 


88941 




88953 


88958 


88964 


88969 


8897S 






776 








89003 


89009 


89014 


89090 


89095 


89031 






777 


89043 


89048 


89053 


89059 


89064 


89070 


89076 


89081 










S9098 


89104 


89109 


89115 


89130 


89196 


89131 


89137 


89143 


89)48 


: 




779 


89154 


89159 


89165 


89170 


89176 


89133 


89187 


89193 


89198 


892IM 






700 


B9a09 


89315 


89221 


89296 


89939 


89337 


89343 


89348 


892S4 


^aa 






7)il 




89271 


89276 


89383 


H9387 


89293 


89998 


89304 


83310 


89315 






763 


89331 


89336 


89333 


89337 


89343 


89348 


89354 


89360 


89365 


S93Tt 






7113 


89376 


89383 


80387 


89393 




89404 


89409 


89415 


89431 








784 


89432 


89437 


89443 


89448 


89454 


89459 


89465 


88470 


89476 


8H«1 






785 


89487 


89493 


89498 


895W 


89509 


89515 


89590 


89526 


89531 


8957r 






788 


89543 


89548 


89553 


89559 


89564 


89570 


89576 


89581 


89586 


895M 






787 


89597 


89603 


89609 


89614 


89630 


89625 


89631 


89636 


69643 


89647 






788 


89853 


89658 


89664 


89669 


89675 


89680 






39697 


89702 






789 


89708 


89713 


897 19 


89724 


B9730 


89735 


89741 


89746 


89T53 


89TS7 






7M 


89763 


89768 


89774 


89779 


89785 


89790 


89796 


89801 


89807 


898tt 






791 


89818 


89833 


89829 


89834 


898.(0 


89845 


89851 


B9856 


89863 


89887 






799 


89873 


89B78 


89883 


89889 


C9894 


89900 


89905 


89911 


89918 


e69ts 






793 


89927 


89933 


89938 


89944 


89949 


89955 


89960 


89966 


89971 


mrr 






794 


39983 


89988 




89998 


e0004 


90009 


90015 


90020 


90026 


90031 






795 


90037 


90043 


90048 


90053 


B00S9 


90064 


90069 


B007S 


90080 


90086 






796 


90091 


90097 


90109 


90108 


90113 


90119 


90194 


90129 


801S6 


90140 






797 


90146 


90151 


90157 


90162 


90168 


90173 


90179 


90184 


90189 


90195 






798 


S0300 


90306 


90211 


90317 


90929 


90227 


90333 


90938 


90S44 


90349 






799 


90255 


90260 


90366 


90271 


90276 


90282 


90287 


90393 


B0998 


90301 






ROD 


wm 


90314 


90390 


90325 


90331 


90336 


90342 


90347 


9035S 


9»ie 






001 


90363 


90369 


90374 


90380 


90385 


90390 


90396 


90401 


90407 


904lt 






80-2 


90417 


90433 


90438 


90434 


90439 


90445 


90450 


90455 


90461 


90469 






803 


90473 


90477 


90489 


90488 


90493 


90499 


90SO4 


90509 


9051S 


90690 






804 


90526 


90531 


90536 


90542 


90547 


90553 


90558 


90563 


90569 


90S74 ^m 




805 


90580 


90585 


90590 


90596 


90601 


90607 


90619 


90617 


9069a 


SOMS^H 




006 


90634 


90639 


90644 


90650 


90655 




90666 


90671 


9067T 


awn^H 




807 


90687 


90693 


90698 


90703 


90709 


90714 


90720 


90725 


90730 


sonS^H 




SOS 


90741 


90747 


90753 


90757 


90763 


90768 


90773 


90779 


90784 


MTB» 






809 


90795 


90800 


90S06 


90811 


90816 


90832 


90827 


90839 


90838 


90MS 








90849 


90B54 


0OB59 


90865 


90870 


90875 


90881 


90886 


90891 


9^7 






311 


9090a 


90B07 


90913 


90918 


90994 


909S9 


90934 


90940 


90945 


90950 






8ia 


90956 


90961 


90966 


90979 


90977 


90989 




90993 


90998 


9I0M 






ni3 


91009 


91014 


91090 


91035 


91030 


91036 


9I04I 


91046 


91059 


91067 






814 


91069 


91068 


91073 


91078 


91084 


91089 


91094 


91100 


91105 


91 no 








91116 


91131 


91126 


91133 


91137 


91143 


91 148 


91153 


91158 


9im 






818 


91169 


91174 


91180 


91185 


91190 


91196 


91901 


91906 


91313 


91317 






817 


91389 


91338 


91933 


91238 


91943 


91949 


91954 


91259 


91265 


91X70 


I^^H 




818 


91975 


91981 


91386 


91391 


91297 


91303 91307 


9I3I2 


91318 


9I3SS 






819 913J8 


91334 91339 1 


91344 


91350 


91355 91360 


91365 


91371 913Ta|| 


H 


^^ 




] 
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Lojraritlims from 1 to 10,000. 
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89748 


00345 


90093 


47 


14 


10006 


99G:>3 


103,53 


89647 


00347 


89994 


46 


15 


10106 


99651 


10454 


89546 


00349 


89894 


45 


16 


io-:o3 


99650 


10555 


89445 


00350 


89735 


44 


17 


]o:>o4 


9064B 


10656 


833-14 


00352 


89696 


43 


IS 


10102 


99647 


10756 


8!>244 


O0353 


88598 




19 


io,ioi 


99645 


10856 


891+1 


00355 


8S499 


41 


9.10599 


9.99643 


8.1O0S6 


I0.88ai4 


10.00357 


10-89401 




ai 


10697 


99642 


11056 


88114.1 


00;153 


89J(03 


39 


22 


10795 


89610 


11155 


88045 


O03GO 


89205 


38 


£J 


10033 


99630 


11254 


08746 


00362 


831 07 


37 


24 


10990 


99637 


11353 


8C047 


003C3 


89010 


36 


2i 


11087 


98635 


11452 


8R548 


00365 


88913 


35 


26 


111tl4 


911633 


1155 J 


88449 


oo,-ai7 


88816 


3-1 


27 


11381 


96632 


11649 


88351 


003G8 


88719 


33 


ai 


11377 


99630 


11747 


8K253 


00370 


88623 


32 


eo 


11474 


99629 


118.15 


8BI55 


00371 


88326 


31 


ai 


9.11570 


9-99637 


9.11943 


10.8S0i-i7 


10.00373 


10.88430 


30 


Ul 


1166G 


93625 


12040 


8T960 


O0375 


8833-1 


29 


33 


11 701 


99624 


12138 


87862 


00376 


88239 


28 


i1 


11857 


99622 


12235 


877G5 


00378 


88143 


27 


3-1 


11952 


8g6L>0 


12332 


87668 


00.180 


118043 


36 


35 


12ftl7 


996111 


12428 


87572 


00382 


87953 




36 


13143 


89617 


12525 


87475 


O0383 


07853 


34 


r 


12236 


89615 


12621 


8-379 


0031S 


87764 


23 


311 


13331 


SMI 3 


12T17 


87-213 


oo:;b7 


87669 


22 


! 39 


1242-> 


99612 


12!113 


07 187 


00333 


87575 


21 


1 4U 


9.12510 


9.99610 


9.I3909 


10.87091 


10-0a390 


10.874G1 


30 


41 


l'Jfi12 


99BfMi 


13'JO.l 


C6996 


O0392 


87388 


19 


4'i 


]J7ilfi 


8('C07 


13099 


«6W1 


00393 


87294 


13 


43 


1J79C» 


9!10i.l5 


13194 


86ia)6 


0*195 


87'>01 


17 


44 


I'jnna 


99603 


13289 


86711 


00397 


87108 


16 


45 


VJflfi-. 


9i»!01 


133114 


86616 


00399 


87015 


15 


46 


vjm 


syeoo 


13.171! 


86522 


OOIOO 


86922 


14 


47 


1;!171 


8y.-.9!i 


13573 


86127 


0CM03 


861129 


13 


4r; 


v.ir.3 


99596 


l,n:67 


86.1-33 


00404 


66737 


12 


4n 


1:(l.-.5 


9!'5y.l 


13761 


86239 


00.105 


. 86645 


11 




U.U»47 


9. 9959 J 


9.1.J854 


10.861.16 


I0.0fl-W7 


10.86,^53 


10 




l.r.;i;t 


9't5;ll 


133.11J 


86av: 


00409 


86461 




5i 


13ti,IO 


995119 


14041 


8^59 


O&Ul 


86370 


R 


s;) 


1.17J-2 


99;.r;ii 


14131 


C5f;66 


00412 


86278 






l:l>:i3 


9!'.-,!i6 


14.2'27 


8,5773 


00-114 


861117 


6 




i:i''a( 


fi9.-.!ll 


14:)20 


R5680 


00416 


860&6 


5 


»(; 


M.''94 


B95:;2 


144 12 


K558H 


0O.1I3 


86006 


4 


57 


14n!l5 


eg.-.in 


u:^t-l 


85496 


0O419 


ft59l5 


3 






0!'.-.79 


ur.f' 


65403 


00451 


85825 


2 


53 


1426a 


89577 


1.1688 


B53I2 


00-193 


R57:i4 


1 


60 


14r5.je 




14780 


E5220 


00425 


85644 
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116 Artificial Sines, Tang, and Sec 8 Degrees. 



M. 


Sine. 


Co-sine. 


Tangent. 


Co-lang^. 


Secant. 


Co-serant 


60 





9.14356 


9.09575 


9.14780 


10.85220 


10.00425 


10.86644 


1 


14445 


99574 


14872 


85128 


00426 


85555 


59 


2 


14535 


99572 


14963 


86037 


00428 


86466 


58 


I 3 
4 


14624 


99570 


15054 


84946 


00430 


85^6 


57 


14714 


99568 


15145 


84855 


00432 


66 


5 


14803 


99566 


15-236 


84764 


00434 


85197 


65 


6 


14391 


99565 


15327 


84673 


00435 


85109 


54 


7 


14980 


99563 


15417 


84583 


00437 


85020 


.53 


8 


15069 


99561 


16508 


84492 


00439 


84931 


52 


9 
10 


16157 


99559 


15598 


84402 


00441 


84843 


51 
50 


9.15245 


9.99557 


9.15688 


10.84312 


10.00443 


10.84755 


11 


15333 


99556 


15777 


84223 


00444 


84007 


49 


12 


15421 


99554 


15867 


84133 


00446 


84579 


48 


13 


16508 


99552 


15956 


84044 


00448 


84492 


47 


14 


15596 


99550 


16046 


83954 


00450 


84104 


46 


15 


16683 


99548 


16135 


83865 


00452 


84317 


45 


16 


15770 


99546 


162SI 


83776 


00454 


84230 


44 


17 


15357 


99545 


16312 


83688 


00455 


84143 


43 


18 


15944 


99543 


16401 


83599 


00457 


84056 


42 1 


19 
20 


16030 


99541 


16489 


83511 


00459 


83970 


41 
40 


9.16116 


9.99539 


9.16577 


10.83423 


10.00461 


10.83804 


21 


16203 


99537 


16665 


83335 


00463 


83797 


39 


22 


16289 


99535 


16753 


83247 


00465 


83711 


33 


23 


16374 


99533 


16841 


83159 


00467 


83626 


37 ; 


24 


16460 


99532 


16928 


83072 


00468 


83510 


36 


25 


16545 


99530 


17016 


82984 


00470 


83455 


:» I 


26 


16631 


99528 


17103 


82897 


00472 


83369 


34 


27 


16716 


99526 


17190 


82jno 


00474 


832{^ 


33 ! 


28 


16801 


99524 


17277 


82723 


00476 


83199 


32 ; 


29 


16836 


99522 


17363 


82037 


00178 


83114 


31 
30 


30 


9.16970 


9.99520 


9.17450 


10.82550 


10.00180 


10.83030 


31 


17055 


99518 


17536 


82404 


0ai82 


82945 


29 


32 


17139 


99517 


17022 


82373 


00483 


82861 


28 1 


! 33 


17223 


99515 


17708 


82'J9.> 


00185 


82777 


27 


\tu 


17307 


99513 


17794 


82'JOO 


00487 


82693 


26 


35 


17391 


99511 


17880 


82120 


004G9 


82609 


25 


3«> 


17474 


99609 


17965 


82035 


00191 


82526 : 24 !| 


37 


17558 


99507 


18051 


81949 


00493 


82442 




38 


17641 


99505 


18136 


81804 


00495 


82359 




39 
140 


17724 


99503 


18221 


81779 


00497 


82276 
10.82193 


21 ' 

2*) 1 


9.17807 


9.99501 


9.18306 


10.8ie):;4 


10.00499 


41 


17890 


99499 


18391 


81609 


00501 


82110 


19 ! 


42 


17973 


99497 


18475 


8152.5 


00503 


82027 


18 1 


43 


18055 


99495 


ia'i60 


81440 


00505 


81945 


17 1 


44 


18137 


99494 


1864-1 


81356 


00506 


81863 


16 ! 


1 45 


18220 


99492 


18728 


81272 


00508 


81780 


15! 


46 


18302 


99490 


18812 


81 188 


00510 


81698 


14 1 


47 


18383 


99488 


18806 


81104 


00512 


81617 


13 1 


48 


18465 


99486 


18979 


81021 


00514 


816a5 


12 


49 
50 


18547 


99481 


19063 


80937 


00516 


81453 


11 
10 


9.18628 


9.99482 


9.19146 


10.8m{54 


10.00518 


10.81372 


51 


18709 


99480 


19229 


80771 


00520 


81291 


9 


52 


1H790 


99478 


19312 


80688 


00522 


81210 


8 1 


53 


18871 


99476 


19395 


80005 


00524 


81129 


0» 1 
1 1 


54 


18952 


99474 


19478 


80522 


00526 


81048 


; 


55 


1903:3 


99472 


19561 


80439 


00528 


80967 


5 


56 


19113 


99470 


19643 


80;357 


00530 


80887 


4 ! 


57 


19193 


99468 


19725 


80275 


Oa532 


80807 


3 [ 


58 


19273 


99466 


19807 


80193 


0053-1 


80727 




59 


19353 


99464 


19889 


80111 


00530 


80647 


1 1 


1 60 


19433 


99462 


19971 


80029 


00538 


80567 
Secant. 





Co-Bine. 


Sine. 


Co-t'in*. 


Tanofent. 


Co-secant 


M. 



81 Degrees* 





Artifii 


ual SiiM», Tan{ 


.BndSc 


»c.9De 


jpeee. 


1!7 


w 


SmB. 


Co-iine. 


Ta»6.ot. 


Co-Une- 


Becut. 


Caiecact 


■m 





9.19433 


9.9S462 


9.19971 


10.80029 


10.00538 


10.80567 


1 


19513 


99460 


80053 


79947 


00540 


BO-l&T 


59 


t 


19593 


99458 


90134 


79866 


00549 


90-108 


5!1 


3 


^ 19672 


98458 


80216 


79734 


00544 


80398 


57 


4 


1B751 


99454 


20-297 


79703 


00546 


80949 


£6 


G 


19830 


99452 


20370 


79692 


O0548 


80170 


55 


6 


IB909 


99450 


20459 


79541 


00550 


B0G91 


54 


7 


16988 


994-18 


30540 


79460 


O0552 


80012 


63 


8 


S0067 


ee-M6 


20621 


79379 


00554 


79933 


52 




a014S 


99444 


80701 


79299 


00556 


79055 


5) 


lo~ 


9.S(0«a 


9.9S442 


9.20782 


10.79218 


10.00558 


10.79777 


50 


11 


S0302 


99440 


S0862 


79138 


00560 


7969B 


49 


1! 




99438 


20942 


79053 


00562 


79620 


48 


13 


S045li 


99436 


81022 


7B978 


00564 


79542 


47 


1-1 


20335 


99434 


21102 


78898 


00566 


7946S 


46 


15 


a06l3 


99432 


81182 


78818 


00568 


79387 




16 


20601 


99429 


2126 1 


7B739 


00571 


79309 


44 


17 


a07fiH 


89427 


21341 


78659 


00573 


79232 


43 


18 


20045 


99425 


21420 


78580 


00575 


7915,^ 


43 


19 


20932 


99423 


31499 


78501 


00577 


79078 


41 


ao 


».a)999 


9.99421 


9.21578 


10.78422 


10.00579 


10.78001 


40 


21 


21076 


994 !9 


21657 


78113 


00581 


7892-1 


39 


■J-i 


21153 


99417 


81736 


78964 


00583 


78847 




23 


21229 


09415 


21814 


78186 


00583 


78771 


37 


3-1 


21306 


99413 


S1893 


78107 


005G7 


78694 


36 


23 


21382 


99411 


21971 


78029 


00589 


78618 


35 


■m 


21458 


99409 


22049 


77951 


00591 


78542 


34 


87 


815W 


99407 


82127 


77873 


00593 


78466 


33 


28 


21CI0 


99404 


22205 


77795 


O0596 


78390 


32 


2!t 


91685 


99402 


83283 


77717 


00598 


78315 


31 


:<0 


9.81761 


9.99400 


9.82361 


iO.77639 


10.00600 


10.78239 


30 


31 


21836 


99398 


22438 


775G2 


00602 


78164 


29 


:k 


21912 


99396 


82516 


77484 


00604 


780f!8 


98 


\a 


81987 


99394 


S2593 


77407 


00600 


78013 


27 


» 


29062 


99392 


82670 


77330 


00608 


77938 


26 


35 


22137 


99390 


92747 


779.53 


00610 


77863 


95 


36 


22211 




23824 


771T6 


0061 2 


77789 


94 


37 


22286 


99385 


29901 


770D9 


00615 


77714 


23 


3B 


22361 


993fl3 


82977 


77023 


00617 


77639 


82 


39 


22435 


993G1 


23054 


76946 


00619 


77565 


21 


40 


922509 


9.99379 


9-23130 


10.76870 


10.00621 


10.77491 


la 




22583 


99377 


S3206 


7C794 


00623 


77417 




42 


22657 


99375 


S39!i3 


76717 


O0625 


77343 




43 


22731 


9937! 


23359 


76641 


00628 


77269 




44 


25805 


99370 


83435 


76.565 


00630 


77105 




45 


228711 


993Br, 


23.510 


76-190 


00B33 


77122 




48 


29952 


99366 


23586 


76114 


00634 


77046 




47 


23055 


99^B-1 


S3661 


7C339 


00636 


76975 




48 


53098 


99362 


23737 


76963 


00638 


76902 




49 
50 


23171 
"9:23244 


99S59 


23812 


76188 


00641 


76829 


lo" 


-9:9^57 


9.238117 


10.76113 


10.00643 


10.76756 




23317 


99355 


23962 


76038 


00645 


76683 




5-.' 


23390 


993,53 


24037 


7,5063 


00647 


76610 




53 


25162 


993.^1 


84113 


7.588B 


006-19 


76538 




Si 


snvw 


993in 


24186 


75814 


006.52 


76465 




5.-. 


23607 


99346 


242(51 


7S739 


006,54 


76393 




5« 


83679 


99344 


24335 


75665 


00656 


76321 




57 


23752 


99342 


24410 


75590 


00858 


76248 




5fl 


83823 


99340 


24484 


75516 


00660 


76177 




59 




99337 


24558 


75-1-I9 


00663 


76105 




' eo 


83967 


99335 


24632 


75368 


00665 


76033 
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118 Artificial Sines, Tang, and Sec, 10 Degrees. 



M. 


bine. 


Co-sine/ 


'i'an^ent. 
9. 246:32 


Co- tang;. 
10.75368 


Secant. 


Co-8ccaut 


^^^ 





9.23907 


9.99.W5 


10.00665 


10.76033 


60 


1 


24039 


993;« 


24706 


75294 


00667 


75961 


59 





24110 


99331 


24779 


75221 


00669 


75890 


58 


3 


24101 


99328 


24853 


75147 


00672 


75»19 


57 


4 


2-1253 


99326 


24026 


75074 


00674 


75747 


56 


5 


24324 


99324 


25000 


75000 


00676 


75676 55 l| 


6 


24395 


99322 


25073 


74927 


00678. 


75605 


54 


7 


24460 


99319 


25146 


74{{54 


00681 


75534 


53 


8 


24536 


99317 


25219 


74781 


00683 


75464 


52 


9 


24607 


99315 


25292 


74708 


00685 


753y3 


51 
50 


10 


9.24677 


9.99313 


9.25365 


10.74635 


10.00(i87 


10.75323 


11 


24748 


99310 


25437 


74563 


00600 


75252 


49 ' 


12 


24018 


9931)3 


25510 


74490 


00692 


75182 


48 


13 


24080 


99306 


25582 


74418 


00694 


75112 


47 


M 


24958 


99:504 


25655 


74345 


00696 


75042 46 II 


1:> 


25028 


99301 


25727 


74273 


00609 


74972 


45 


16 


25098 


99299 


25799 


74201 


00701 


74902 


44 , 


17 


25163 


9921^7 


25871 


74129 


00703 


74fi32 


43 


10 


25237 


99294 


25943 


74057 


00706 


74703 


42 


19 


25307 


99292 


26015 


73985 


00708 


74693 


41 


20 


9.25376 


9.99290 


9.26086 


10.73914 


10.00710 


10.74624 


40 1 


21 


25445 


99288 


26158 


73842 


00712 


74555 


39 


22 


25514 


99285 


26229 


73771 


00715 


74486 


:{8 


23 


25583 


99283 


26301 


73699 


00717 


74417 


37 


24 


25652 


99281 


26372 


73628 


00719 


74:J48 


36 


25 


25721 


99278 


26113 


73557 


00722 


74270 


35 


26 


25790 


99276 


26514 


73486 


00724 


74210 


3-1 ' 


27 


25858 


99274 


26585 


73415 


00726 


74142 


:13 


28 


25927 


99271 


26655 


73315 


00729 


74073 


32 


29 


2.5995 


99269 


26726 


73274 


00731 


74005 


31 
30 ! 


:» 


9.26063 


9.99267 


9.26797 


10.73203 


10.00733 


10.73937 


31 


26131 


99264 


26867 


731 :a 


00736 


73869 


29 1 


3-2 


26199 


99262 


26937 


73063 


00738 


73801 


28 1 


33 


26267 


99260 


27008 


72902 


00740 


73733 


27 


34 


26335 


99257 


27(»78 


72022 


00743 


73665 


26 


3,3 


26403 


99255 


27148 


72852 


00745 


73597 


25 


36 


26470 


99252 


27213 


72782 


00748 


73530 


24 


37 


26538 


99250 


27288 


72712 


00750 


73462 23 [| 


38 


26605 


99248 


27a->7 


72643 


00752 


73395 




39 
40 


26072 


99245 


27427 


72573 


00755 


73328 


21 ' 

1 
20 1 


9.267*39 


9.99243 


9.27496 


10.72504 


10.00757 


10.73261 


41 


26806 


99241 


27566 


724:m 


00759 


73194 


19 


42 


26873 


99238 


27635 


72365 


00762 


73127 


18 


43 


26940 


99236 


27704 


72296 


00764 


73060 


17 


44 


27007 


99233 


27773 


72227 


00767 


72993 


16 


45 


27073 


99231 


27842 


72158 


00769 


72927 


lo 


46 


27140 


99229 


27911 


72089 


00771 


72860 


14 


47 


27206 


99226 


27980 


72020 


00774 


72794 


13 


48 


27273 


99224 


2JJ049 


71951 


00776 


72727 


12 


49 


27339 


99221 


28117 


71883 


00779 


72661 


11 
10 1 


50 


9.27405 


9.99219 


9.28186 


10.71814 


10.0(J781 


10.72595 


51 


27471 


99217 


28254 


71746 


00783 


72529 


9 • 


52 


27537 


99214 


2832:5 


71677 


00786 


72463 


8 1 


53 


27602 


99212 


28391 


71609 


00788 


72:^8 7 1 


54 


27668 


99209 


28459 


71541 


00701 


723:32 


c! 


55 


277;U 


992(»7 


28527 


71473 


00703 


72266 


5 : 


56 


27709 


99204 


28595 


71405 


00706 


72'?01 


41 


57 


27864 


99202 


28662 


71338 


00708 


72136 


3 . 


58 


279::jo 


99200 


28730 


71270 


OOftOO 


72070 


2 


59 


27995 


99197 


287or; 


71202 


00803 


7200-1 


1 


CO 1 


28060 
Co-sino. 1 


99195 


28865 


71135 


00805 
Co-socant 


710 10 ;| 


Sine. 


Co-tan«r. ; 


Tansrent. 


Secant. M. | 



79 Degrees. 



Artificial Sines, Tang, and Sec 1 1 Degrees. 119 



SI. 



Bine. 


Co-sine. 


'i'angeut. 
9.28865 


Co-tang^. 


iiecaut. 


Co-secant 
10.71940 


60 


9.28060 


9.99195 


10.71135 


10.00805 


1 


28125 


99192 


28933 


71067 


00808 


71875 


59 


2 


■28190 


99190 


29000 


71000 


00810 


71810 


58 


3 


28254 


99187 


29067 


70933 


00813 


71746 


57 


4 


28319 


99185 


29134 


70866 


00815 


71681 


56 


o 


20384 


99182 


29201 


70799 


00818 


71616 


55 


6 


28448 


99180 


29268 


70732 


00820 


71552 


54 


7 


28512 


99177 


2933,3 


70665 


00823 


714JJ8 


53 


8 


28577 


99175 


29402 


70598 


00825 


71423 


52 


9 
10 


22:611 


99172 


29468 


70532 


00828 


71359 


51 
50 


9.28705 


9.99170 


9.29535 


10.70465 


10.00830 


10.71295 


U 


28769 


99167 


29601 


70399 


00833 


71231 


49 


12 


28833 


99165 


29668 


70332 


00835 


71167 


48 


13 


28896 


99162 


29734 


702G6 


00838 


71101 


47 


14 


21{960 


99160 


29800 


70200 


00840 


710-10 


46 


15 


29024 


99157 


298«6 


701:5^1 


00843 


70976 


45 


16 


29087 


99155 


299J2 


70068 


00845 


70913 


44 


17 


29150 


99152 


29998 


70002 


00848 


70850 


43 


18 


29214 


99150 


30064 


690.)6 


008;>0 


70786 


42 


19 


29277 


99117 


30130 


69870 


00853 


70723 


41 
40 


20 


9.29340 


9.99145 


9.30195 


10.69805 


10.00855 


10.70660 


21 


29403 


99112 


30261 


69739 


00858 


70597 


39 


22 


29-166 


99140 


30J26 


69674 


00860 


70534 


3Ji 


23 


29529 


99137 


30391 


69609 


00863 


70471 


37 


24 


29591 


99135 


30-157 


69543 


00865 


7(W09 


36 


25 


29654 


99132 


30522 


69478 


00868 


70346 


35 


26 


29716 


99130 


30587 


69413 


00870 


70284 


34 


27 


29779 


99127 


30*352 


69348 


00873 


70221 


33 


28 


29841 


99124 


30717 


69283 


00876 


70159 


32 


29 


29903 


99122 


30782 


69218 


00878 


70097 


31 


30 


9.29966 


9.99119 


9.'30!;46 


10.69154 


10.00881 


10.70034 


:») 


31 


30028 


99117 


30911 


69089 


00883 


69972 


29 


32 


30090 


99114 


30975 


69025 


00886 


69910 


28 


33 


30151 


99112 


31010 


68960 


00888 


698^19 


27 


34 


30213 


99109 


31104 


68806 


00891 


69787 


26 


:i5 


30275 


99106 


31168 


68832 


00894 


69725 


25 


36 


30;«6 


99101 


31233 


68767 


00896 


69664 


24 


37 


30393 


99101 


31297 


68703 


00899 


69602 


23 


30 


30459 


99009 


31361 


686:59 


00901 


69541 


22 


39 


30521 


99096 


31425 


68575 


00901 


69479 


21 
20 


40 


9.30582 


9.99093 


9.31489 


10.68511 


10.00907 


10.69418 


41 


30643 


99091 


31552 


68-148 


00909 


69357 


19 


42 


30704 


99083 


31616 


6838-1 


00912 


69296 


18 


43 


30765 


990fi6 


31679 


68321 


00914 


69235 


17 


'14 


30826 


99083 


31743 


68257 


00917 


69174 


16 


45 


30887 


990,".0 


31806 


68194 


00920 


69113 


15 


46 


30917 


99078 


31870 


681:30 


00922 


69053 


14 


47 


31003 


99075 


31933 


68067 


00925 


68992 


13 


48 


31068 


99072 


31906 


68004 


00928 


689:32 


12 


49 


31129 
9.31189 


99070 


32059 


67941 


00930 


68871 


11 
10 


50 


9.99067 


9.32122 


10.67878 


10.00933 


10.68811 


51 


31250 


99064 


32185 


67815 


00936 


60750 


9 


52 


31310 


99062 


32248 


67752 


00938 


68690 


8 


53 


31370 


99059 


32:311 


67689 


00941 


68630 


7 


51 


314:10 


99056 


32373 


67627 


00944 


68570 


6 


o'> 


31190 


99054 


32436 


67564 


00946 


68510 




56 


31549 


99051 


32493 


67502 


00949 


68451 


4 


57 


31609 


09048 


32561 


67439 


00952 


68391 


3 


53 


31669 


99ai6 


32623 


67377 


00954 


683:31 


2 


59 


31728 


99043 


32685 


67315 


00957 


68272 


1 


60 


31788 
Co-sinc. 1 


99040 


32747 


67253 
Tang^ent. 


00960 


68212 





Sine. 


Co-tan«f. 


Co-secant 


Secant. 


M. 



TO n- 



120 Artificial Siaee, Tang, and Sec. 12 Degrees. 





M. 1 


hme. 


Co-sine. 


Taugeut. 
9.32747 


Co>tan^. 


Socjint. 


Co-«ecant 
10.68212 






oi 


9.31788 


9.99040 


10.67253 


10.00960 


60 


1 


31847 


99038 


32810 


67190 


00962 


68153 


59 


2 


31907 


09035 


32872 


67128 


00965 


68093 


68 


3 


31066 


99032 


32t)33 


67067 


00968 


68034 


67 




4 


32025 


99030 


321*95 


67005 


00970 


67975 


56 




5 


32084 


99027 


33057 


66!)13 


00973 


67916 


55 




6 


32143 


99024 


33119 


66881 


00976 


67a=i7 


54 




7 


3220-2 


99(h>2 


33180 


668-20 


00978 


67798 


5:3 




8 


32201 


99019 


33242 


06758 


00981 


67739 


62 




9 


3*2319 


99016 


33303 


66697 


009134 


67681 
10.67022 


51 
50 




10 


9.32J78 


9.99013 


9.33:365 


10.66635 


10.00987 




11 


32^37 


99011 


334<.»6 


66574 


00989 


67503 


49 




12 


32495 


99008 


33487 


66513 


00992 


67505 


48 




13 


32553 


99005 


33548 


66452 


00995 


67447 


47 




14 


32012 


99002 


3:3609 


66391 


00998 


67^80 


46 




15 


32G70 


99000 


33670 


66330 


01000 


67330 


45 




16 


32728 


98997 


33731 


66269 


01003 


67-272 


44 




17 


32786 


98994 


33792 


60'2I)8 


01006 


67214 


43 




18 


32814 


98991 


33853 


66147 


0KK)9 


67156 


42 




19 


32902 


98989 


3:3913 


66o:i7 

10.66026 


01011 


67098 


41 

40 




20 


9.32960 


9.98986 


9.33974 


10.01014 


10.67040 




21 


3:1018 


98983 


3.io;m 


65906 


01017 


66982 


39 




22 


33075 


989(M) 


34095 


65905 


01020 


66925 


38 




S3 


33133 


98978 


34155 


65845 


01022 


661 ;67 


37 




24 


33190 


98y75 


34215 


65785 


01025 


66810 


:36 




25 


33218 


98972 


34276 


65724 


01028 


66752 


35 




26 


33:305 


98969 


ai3:36 


65664 


01031 


66695 


34 




27 


ai;W2 


98907 


ai;596 


6560-1 


01033 


66638 


:i3 




28 


33120 


98964 


34456 


65544 


010:36 


66580 


32 




29 


33477 


98961 


34516 


65484 


01039 


66523 


31 
30 




:iO 


9.3:i53>l 


9.98958 


9.3-1576 


10.6.>124 


10.01042 


10.66466 




31 


3:l->91 


98955 


3-16:35 


65.565 


01045 


66409 


29 




32 


33647 


98953 


»1095 


65:505 


01047 


66:35:5 


2K 




J« 


3:3704 


98950 


3-1755 


65245 


010.->0 


66290 


27 




34 


3:3761 


98947 


3«48M 


65186 


01053 


66-^39 


26 




:« 


3r>810 


98: •44 


3.1!;7.1 


65126 


01056 


66182 25 n 




36 


3:]j;74 


98941 


349:33 


65067 


01059 


66120 


24 




37 


33931 


98938 


34992 


65(H)8 


01062 


66069 


23 




3« 


a3987 


98936 


a5051 


64949 


01004 


66013 


22 




39 


3-1013 


91{9:J3 


a-nii 


648!;9 


01007 
10.01070 


65957 


21 
20 




4U 


9.aiioo 


9.989:10 


9.35170 


10.64f«30 


10.65900 




^1 


3-1150 


98f'C'7 


a">2J9 


64771 


01073 


65844 


19 




42 


ai212 


9«P24 


aV2«8 


64712 


01076 


65788 


18 




43 


3.1-268 


98!h21 


a->3-i7 


64053 


01079 


65732 


17 




44 


3-13'24 


98919 


a-)io5 


64595 


OlOMl 


65676 


16 




45 


3431^0 


98916 


a=i404 


6-15:36 


01084 


656-20 


15 




46 


31136 


98913 


a052:3 


6-1477 


01087 


65564 14 H 




47 


3.1491 


98910 


a".5:;i 


64119 


OIOIK) 


655(»9 


13 




48 


34547 


98907 


35640 


61.300 


01093 


65453 


12 




49 


3-1602 


98rH)4 


a5698 


61:30-2 


01096 


65:398 


11 
10" 




50 


9.34658 


9.98901 


9.a5757 


10.64243 


10.01099 


10.65342 




51 


34713 


988^*8 


35815 


64185 


01102 


652S7 


9 




5-2 


3-1769 


9«800 


a->873 


6-1127 


01104 


652:31 


8 




53 


3.1H2-1 


fl8j::u 


a=i931 


64009 


01107 


65176 


7 




54 


34J:79 


98890 


a=i989 


64011 


OHIO 


65121 


6 




55 


3-1934 


98I1J;7 


36017 


«395.3 


01113 


65066 


5 




56 


34989 


noiici 1 


36105 


63M95 


01116 


65011 


4 




57 


.36014 


9f;f;j;i 


3616:1 


6:3»:37 


01119 


64956 


3 




58 


3.'5099 


98r:78 


362-21 


63779 


01122 


64901 


2 




59 


a-»i54 


9n!;75 


36279 


613721 


01125 


64846 


1 




60 


aS209 


QlMl"" > 


36.3 ;6 


6:100 1 
'ranypiit. 


01128 


64791 







Co-sine. 


('o-tjiiisr. ' 


ro-«p<Rnt 


Secant. 1 


M. 



77 Dq^rees. 



Artificial 



M. 


Sine. 


Co-sine. 


Tangent. 
9.36336 


Co-tan^. 


Secant. 


Co-secant 


60 





9.35209 


9.98872 


10.63664 


10.01128 


10.04791 


1 


35263 


98869 


36394 


69606 


01131 


64737 


59 


8 


35318 


98867 


96452 


63548 


01133 


64682 


58 


3 


35373 


98864 


36509 


63491 


01136 


64627 


57 


4 


35427 


98861 


36566 


63434 


01139 


64573 


56 


5 


35481 


98838 


36624 


63376 


01142 


64519 


55 


6 


35536 


98855 


36681 


63319 


01145 


64464 


54 


7 


35590 


98:;52 


36738 


63262 


01148 


64^410 


53 


fl 


35644 


98849 


36795 


63205 


01151 


•4a56 


52 


9 
10 


35698 


98846 


36852 


63148 


01154 


64302 


51 
50 


9.35752 


9.98843 


9.36909 


10.63091 


10.01157 


10.64248 


It 


35806 


98840 


36966 


63034 


01160 


64194 


49 


12 


35860 


98837 


37023 


62977 


01163 


64140 


48 


13 


35914 


98:J34 


37080 


62920 


01166 


64086 


47 


14 


35968 


98f^l 


37137 


62863 


01169 


64032 


46 


15 


36022 


98828 


37193 


62807 


01172 


63978 


45 


16 


36075 


98825 


37250 


62750 


01175 


63925 


44 


17 


36129 


98822 


37306 


62694 


01178 


63871 


43 


18 


36182 


98819 


37363 


62637 


01181 


6.3818 


42 


19 

1 ^JO 


36236 


98816 


37419 


62581 


01184 


63764 


41 
40 


9.36289 


9.98813 


9.37476 


10.62524 


10.01187 


10.63711 


91 


36342 


98810 


37532 


62468 


01190 


63658 


39 


22 


36395 


98fM)7 


37588 


62412 


01193 


63605 


,38 


23 


36449 


98804 


37644 


62356 


01196 


6a551 


37 


1 24 


36502 


98801 


37700 


62300 


01199 


63498 


,36 


1 25 




98798 


97756 


62244 


01202 


63445 


35 


26 


96608 


98795 


37812 


62183 


01205 


63392 


34 


27 


36669 


98792 


97868 


62132 


01208 


63340 


,T3 


28 


36713 


98789 


37924 


62076 


01211 


63287 


32 


29 
30 


36766 


98786 


37980 


62020 


01214 


63234 


31 
30 


9.36819 


9.98783 


9.38035 


10.61965 


10.01217 


10.63181 


31 


36871 


98780 


3;;09i 


61909 


01220 


63129 


29 


32 


36924 


98777 


38147 


61853 


01223 


63076 


28 


33 


86976 


98774 


3(;202 


61798 


01226 


63024 


27 


34 


57028 


98771 


»i257 


61743 


01229 


62972 


26 


a-, 


37031 


98768 


38313 


61887 


01-232 


62919 


25 


36 


37133 


98765 


3fl368 


61632 


01235 


62867 


24 


37 


371JJ5 


98762 


38123 


61577 


01238 


62815 


23 


38 


37237 


98759 


38479 


61521 


01241 


62763 


22 


39 
40 


■ 37289 


98736 


38r>34 


61166 


01244 


62711 


21 

20 


9.37341 


9.98753 


9.3i;5)!9 


10.61411 


10.01247 


10.62659 


41 


37393 


98750 


38044 


61356 


01250 


62607 


19 


42 


37415 


98746 


38609 


61301 


01254 


62555 


13 


43 


37497 


9J:743 


3(J754 


61216 


012.37 


62503 


17 1 


i 44 


37319 


98740 


38808 


61192 


01260 


62451 


16 ! 


45 


37600 


98737 


3<'J803 


61137 


01263 


62400 


15 


46 


37652 


98734 


3({918 


61082 


01266 


62348 


14 


47 


37703 


98731 


3JJ072 


61028 


01269 


62297 


13 


4fi 


37755 


98728 


39027 


60973 


01272 


62245 


12 


40 

1 50 


37306 


98725 


39082 


60918 


01275 


62194 


11 

10 ' 


9.37858 


9.98722 


9.39136 


10.60864 


10.01278 


10.62143 


51 


37909 


98719 


39190 


60810 


01281 


62091 


9 i 

8 


52 


37960 


98715 


39245 


60755 


01285 


62040 


1 ''"'•3 


3f;on 


98712 


39299 


60701 


01288 


61989 


7 1 


; 54 


3rXNi2 


98709 


393;-,3 


60647 


01291 


61938 


6 


' 55 


38113 


98706 


39407 


60393 


01294 


61887 


5 


56 


38164 


98703 


39461 


60539 


01297 


61836 


4 


57 


38215 


98700 


39515 


60485 


01300 


61785 


3 


58 


»^.266 


98697 


39569 


60431 


01303 


61734 


2 


59 


38317 


98694 


39623 


60377 


01306 


61683 


1 


60 


38368 


98690 


39677 


60323 


01310 


61632 




iM. 1 


i i 


Co-ftjne. 1 


Sine. 


Co-tan^. 


Tan«^nt. 


Co-Mcant 


Secant. 



MA ■% 



r^ 



122 Artificial Sines, Tang, and Sec 14 Degrees. 



M. 



Sine. 


Co-sine. 


Tangent. 


Co-lan^. 
10.60:523 


Secant. 
10.01310 


C'o-»ccant 


1 
60 


9.38368 


9.9C690 


9.39677 


10.61632 


1 


38-118 


986f:7 


39731 


60.269 


01313 


61582 


59 


2 


38460 


98684 


39785 


60215 


01316 


61531 


58 


3 


38519 


98681 


39838 


60162 


01319 


61481 


57 f 


4 


38570 


98678 


39892 


60108 


01322 


61430 56 * 


5 


38620 


98675 


39945 


60055 


01325 


61380 55 , 


6 


38670 


90671 


39999 


60001 


01329 


61330 54 


7 


3}:7'21 


90668 


40052 


69048 


01332 


61270 33 ! 


8 


38771 


98665 


40106 


69fi04 


01335 


61220 52 ( 


9 


38821 


9C662 


40159 


69841 


013J0 


61170 51 ; 
10.6ll2n 30 1 


10 


9.38871 


9.98659 


9.40212 


10.59788 


10.01341 


11 


38921 


98656 


40266 


69734 


01344 


61079 


49 


12 


38971 


08652 


40319 


69681 


013-18 


61(>>0 


48 


13 


39021 


88649 


40372 


59628 


01351 


60079 


47 j 


14 


39071 


9C646 


40425 


69575 


01354 


60029 


46 


15 


39121 


98643 


40478 


60522 


01357 


60879 


45 


16 


39170 


98640 


40531 


69469 


01360 


608:X) 


44 


17 


39220 


98636 


40584 


69416 


01364 


607}X) : 43 1 


18 


3D270 


98633 


40636 


59364 


01367 


60730 


42 


19 


39319 


98630 


40689 


69311 


01-370 


600U1 


41 
40 


20 


9.39369 


9.98627 


9.40742 


10.59258 


10.01373 


10.60631 


21 


39418 


98623 


40795 


69205 


01377 


6a582 


39 


22 


39467 


98620 


40847 


69153 


01380 


60r,33 


38 


23 


39517 


98617 


40000 


69100 


01383 


60483 


37 


24 


39566 


98614 


40052 


690-18 


01386 


60434 


36 


25 


39615 


98610 


41005 


68995 


01300 


603&'; 


35 


26 


39664 


98607 


41057 


68943 


01393 


60:Tr>6 


34 


27 


39713 


98604 


41109 


68891 


01396 


60287 


Xi 


28 


39762 


98601 


41161 


68839 


01309 


60238 


32 


29 


39811 


90597 


41214 


68786 


01103 


60189 


31 

30 


30 


9.39860 


9.98594 


9.41266 


10.58734 


10.01406 


10.G0140 


31 


39909 


98591 


41318 


68682 


01409 


60091 


29 


32 


39958 


98588 


41370 


68630 


01412 


60042 


28 


33 


40006 


98584 


41422 


68578 


01416 


69094 


27 


34 


40055 


98581 


41474 


68526 


01419 


69045 


26 


35 


40103 


98578 


41526 


68474 


01122 


69{.'07 


25 


36 


40152 


98574 


41578 


68422 


01426 


69848 


24 


37 


40200 


98571 


41629 
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M. 




Co-<me« 


Tangent. 


Co-tang. 


Secant. 


Co aecant 


60 









9.94189 


9.74375 


10.96025 


10.05818 


10.31443 




1 


94175 


74405 


26596 


06826 


31420 


59 




t 


89603 


M168 


74435 


96665 


05832 


31397 


58 




s 


89895 


94161 


74465 


96536 


06839 


31376 


57 




4 


88848 


94154 


74494 


96506 


06846 


31352 


56 




6 


88871 


94147 


74524 


26476 


06863 


31329 


55 




« 


88804 


94140 


74554 


96446 


06860 


31306 


54 




7 


88716 


94133 


74583 


26417 


06867 


31284 


63 




8 


88739 


94196 


74613 


96387 


06874 


31261 


52 




9 


88769 


94119 


74643 


95357 


06881 


31238 


51 
60 




10 


9.88784 


9.94112 


9.74673 


10.95327 


10.06888 


10.31216 




11 


88807 


94105 


74702 


25298 


06896 


31193 


49 




It 


88899 


94098 


74739 


25268 


06902 


31171 


48 




IS 


88859 


94090 


74762 


»238 


06910 


31148 


47 




14 


89875 


•4083 


74791 


25209 


05917 


31125 


46 
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74821 


25179 


06924 


31108 
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25149 
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74880 
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31058 
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18 
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94055 


74910 


25090 


06945 


31035 
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88987 


94048 
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25061 
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31013 


41 

40 
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9.69010 
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9.74969 


10.25081 


10.05959 


10.30990 




fl 
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94027 
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24942 


06980 


30923 


37 




S4 


69100 
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75205 
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99 


89219 
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9.69934 
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Artificial Sines, Tang, and Sec. 30 Degrees. 


Iq 


Sine. 


Co-line. 


Tangent. 


Co-tang. 


Secant. 1 


Co-f8can1 





9.69897 


9.93753 


9.76144 


10.23856 


10.06247 


10.9010S 


1 


69919 


93746 


76173 


23827 


06254 


90081 


t 


69941 


93738 


76202 


23798 


06262 


dOOM 


3 


69963 


93731 


76231 


23769 


06269 


9003^ 
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69984 


93724 
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23739 


06276 
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93717 


76290 


23710 
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2999^ 
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93709 
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23681 
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2997J 
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9.70115 
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9.76435 
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35 
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22841 
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36 
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37 
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22783 
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38 
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39 


70739 
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9.93457 


9.77303 


10.22697 


10.06543 
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41 
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77332 
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42 
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43 


70824 
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44 
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93427 
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22582 
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45 
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46 
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47 
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93405 
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48 
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77533 


22467 
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29061 


49 
50 
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93390 


77562 
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29041 


9.70973 


9.93382 


9.77591 


10.22409 


10.06618 


10.2902* 


51 


70994 


93375 


77619 


22381 


06625 


2900( 


52 


71015 


93367 


77648 


22352 


06633 


28981 


53 


71036 


93360 


77677 


22323 


06640 


2896^ 


54 


71058 


93352 


77706 


22294 


06648 


2894! 


55 


71079 


93344 


77734 


22266 


06656 


2892 


56 


71100 


93337 


77763 


22237 


06663 


2890( 


57 
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93329 


77791 
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28871 


I 58 
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77820 


22180 


06678 
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1 ^^ 
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^ 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant | 
10.28816 60 1 


• 


9.71184 


9.93307 


9.77877 


10.22123 


10.06693 


1 


71805 


93299 


77806 


22094 


06701 


28795 


59 


f 


71226 


93291 


77935 


22065 


06709 


28774 


5B 


3 


71247 


93284 


77963 


22037 


06716 


28753 


57 


4 


71268 


93276 


77992 


22008 


06724 


28732 


56 


6 


71289 


93269 


78020 


21980 


06731 


28711 


55 


6 


71310 


93261 


78049 


21951 


06739 


28690 


54 


7 


71331 


93253 


78077 


21923 


06747 


28669 


53 


8 


71352 


93246 


78106 


21894 


06754 


28648 


52 


9 


71373 


93238 


78135 


21865 


06762 


28627 


51 
50 


K) 


9.71393 


9.99230 


9.78163 


10.21837 


10.06770 


10.28607 


11 


71414 


93te 


78192 


21808 


06777 


28586 


49 


Vt 


71435 


99215 


78220 


21780 


06785 


28565 


48 


19 


71456 


99207 


78249 


S1751 


06793 


28544 


47 


14 


T1477 


99200 


78277 


S1723 


06800 


28523 


46 


16 


71498 


99192 


78306 


21694 


06808 


28502 


45 


16 


71519 


99184 


78334 


S1666 


06816 


28481 


^ 


17 


71539 


93177 


78363 


S1637 


06823 


28461 


18 


71560 


93169 


78391 


S1609 


06831 


28440 


42 


19 


71581 


93161 


78419 


S1581 


06839 


28419 


41 
40 


SO 


9.71602 


9.93154 


9.78448 


10.S1552 


10.06846 


10.28398 


tl 


71622 


93146 


78476 


21524 


06854 


28378 


39 


St 


71643 


93138 


78505 


21495 


06862 


28357 


38 


S3 


71664 


93131 


78533 


S1467 


06869 


28336 


37 


S4 


71685 


93123 


78562 


S1438 


06877 


28315 


36 


S6 


71705 


93115 


78590 


S1410 


06885 


28295 


35 


S6 


71726 


93108 


78618 


S1382 


06892 


28274 


34 


S7 


71747 


93100 


78647 


Sff53 


06900 


28253 


33 


SB 


71767 


93092 


78675 


S1325 


06908 


28233 


32 


S9 


71788 


93084 


78704 


21296 


06916 


28212 


31 
30 


90 


9.71809 


9.93077 


9.78732 


10.21268 


10.06923 


10.28191 


91 


71829 


93069 


78760 


21240 


06931 


28171 


29 


9S 


71850 


93061 


78789 


21211 


06939 


28150 


28 


99 


71870 


93053 


78817 


21183 


06947 


28130 


27 


94 


71891 


93046 


78845 


S1155 


06954 


28109 


26 


95 


71911 


93038 


78874 


21126 


06962 


28089 


25 


90 


71992 


93030 


78902 


21098 


06970 


28068 


24 


37 


71952 


93022 


78930 


S1070 


06978 


28048 


23 


98 


71973 


93014 


. 78959 


S1041 


06986 


28027 


22 


99 


71994 


93007 


78987 


21013 


06993 


28006 


21 
20 


40 


9.7S014 


9.92999 


9.79015 


10.20985 


10.07001 


10.27986 


41 


7S034 


92991 


79043 


S0957 


07009 


27966 


19 


4S 


72055 


92983 


79072 


S0928 


07017 


27945 


18 


49 


72075 


92976 


79100 


S0900 


07024 


27925 


17 


44 


72096 


92968 


79128 


S087S 


07032 


27904 


16 


46 


72116 


92960 


79156 


S0844 


07040 


27884 


15 


46 


72137 


92952 


79185 


S0815 


07048 


27863 


14 


47 


72157 


92944 


79213 


S0787 


07066 


S7843 


13 


48 


72177 


92936 


79241 


S0759 


07064 


S7823 


12 


49 


72198 


92929 


79269 


S0731 


07071 


27802 


11 
10 


60 


9.72218 


9.92921 


9.79297 


10.S0708 


10.07079 


10.27782 


61 


72238 


92913 


79326 


S0674 


07087 


27762 


9 


6S 


72259 


92905 


79354 


S0646 


07095 


27741 


8 


69 


72279 


92897 


79382 


20618 


07103 


27721 


7 


64 


72299 


92889 


79410 


S0590 


07111 


27701 


6 


65 


72320 


92881 


79438 


S056S 


07119 


27680 


5 


66 


72340 


92874 


79466. 


S0534 


07126 


S7660 


4 


67 


72360 


92866 


79495 


S0505 


07134 


S7640 


^i 


68 


72381 


92858 


79523 
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0714S 
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^n 


69 


72401 


92850 


79551 


S0449 
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S7599 


^n 


60 
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92842 


79579 


S0421 


07158 


S7579 
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Artificial SinCB, Tan 


P and Sec. 32 Degrees ■ ^ 






1 


M* 


Sme. 


Co-ame, 


TrnigeaX. 


Uo-tang. 


Setant. 


Co-iccaDl 







9.78421 


9.9SX4! 


0.7B579 


10.20421 


10.07158 


10-97579 


lo 








72441 


92834 


79607 


20393 


07166 


276S9 


59 








72461 


92828 


79635 


80365 


07174 


27539 


58 








71482 


98818 


79663 


20337 


07189 


9751B 


57 






4 


72502 


98810 


T969! 


20309 


07190 


27498 


56 








78522 




79719 


30281 


07197 


S7478 










72542 


99rr95 


79747 


20Z53 
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14 






47 


76895 


90915 


85780 


142S0 


09085 


23306 


13 






48 


76712 


90906 


85807 




09094 


33288 


12 






49 


76730 


90896 


85834 


14166 


09104 


S3870 


11 




15" 


9.76747 


9.90887 


9.85860 


10.14140 


10.09113 


10.83253 


To" 




51 


70765 


90878 


85887 


UU3 


09152 


33335 


9 






SS 


76788 




05913 


14087 


09131 


2321S 


8 






S3 


76800 


90860 


85940 


14060 


09140 


assoo 


7 






54 


78817 


OOSSl 


85967 


14033 


09149 


S3183 


6 






55 


76835 


90B42 


85993 


14007 


09158 


23165 


5 






56 


78852 


90832 


96090 


13980 


08168 


83148 


4 






S7 


76870 


90823 


86046 


13954 


09177 


23130 


3 






5B 


76887 


90814 


86073 


13987 


09186 


S3113 


8 






59 


78904 


90805 


86100 


13000 


09105 


23096 








eo 


78932 


90796 


86126 


13874 


09204 


23078 
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Artificial Slnee, Taog. and Sec 36 Degrees. 






H* 


Siue. 


Co-sine. 


iBiigeal. 


Uo-U.ig. 


SccBr,t, 


Co-Hcaol 









9.789i2 


9.90796 


9-86136 


10.13874 


10.09204 


10.93078 


"w 






76938 


90787 


86153 


13847 


09213 


33061 


69 






e 


76957 


90777 


86179 


13B21 


09223 


33043 


sa 






3 


76974 


90768 


86306 


13794 


09233 


S3026 


57 






4 


76991 


90759 


86233 


13768 


09241 


23009 


56 






6 


77009 


90750 


86259 


13741 


O9S50 


22991 


65 






S 


77026 


90741 


062B5 


13715 


00259 


22974 


M 






7 


77043 


90731 


86313 


13688 


09969 


22957 


S3 






8 


T706I 


90723 


86338 


13663 


09278 


92939 


63 






9 


77078 


90713 


S6365 


13635 


09287 


29933 


51 




10 


8.77095 


9.90704 


9.86392 


10.13608 


10.09396 


10.92905 


"M 






11 


7711! 


90694 


86418 


13383 


09306 


ttses 


49 






12 


77130 


90685 


86445 


13555 


09315 




4B 






13 


77147 


90676 


86471 


13529 


09324 


32853 


47 






14 


77164 


90667 


86498 


13508 


09333 


99836 


46 






15 


77181 


90657 


86534 


13476 


09343 


23819 


45 






16 


77199 


90648 


8S551 


13419 


09353 


3S801 


44 






17 


77216 


90639 


88577 


13423 


09361 


33784 


43 






16 


77233 


90630 


86803 


13397 


09370 


92767 


43 






19 


risso 


90630 


88630 


13370 


09380 


S2750 


41 




30 


e. 77368 


9.90611 


9.88656 


10.13344 


10.09389 


10.92739 


40 




«1 


T7S85 


90602 


88683 


13317 


09398 


2971S 


39 






« 


77303 


90592 


86709 


13291 


09408 


92698 


38 






S3 


TI319 


90383 


86736 


13364 


09417 


»681 


37 






34 


77336 


90574 


86763 


13238 


09426 




36 






3S 


T73S3 


90565 


86789 


13311 


09435 


22647 


3S 






26 


77370 


905S5 


88815 


13185 


09445 


Tteao 


M 






77 


77387 


90546 


86842 


13158 


09454 


23613 


33 






88 


77405 


90537 


88868 


13132 


09463 


2259S 


32 






29 


T?4« 


90527 


88894 


13106 


09473 


28578 


31 




30 


9.77439 


9.90518 


9.86921 


10.13079 


10.09482 


10.22561 


30 




31 


77456 


90509 


86947 




09491 


38544 


28 








77473 


90499 


86974 




09501 


92527 


»I^H 




33 


77480 


9O490 


87000 


13000 


00510 


22510 


97 ^H 




34 


T73ffr 


80.180 


87027 


13973 


09530 


2M93 


te^H 




35 


77524 


90471 


87053 


18947 


09529 


13476 


is^^M 




36 


77541 


90462 


87079 


13931 


09538 


29459 


S4l^H 




37 


77558 


90452 


8TI06 


18894 


09548 


22442 


23l^H 




38 


77575 


90443 


87132 


12868 


09557 


994SS 


"W^M 




39 


77592 


90434 


87158 


13843 


09366 


22408 


iiJ^I 




40 


9.77609 


9.90424 


9.871M 


10.18815 


10.09376 


10.39381 






41 


77626 


80415 


87211 


13789 


09585 


33374 


19 ^H 




42 


77643 


90405 


87238 


13769 


09595 


22357 


IB^H 




43 


77660 


90396 


87364 


12736 


09604 


92340 


I'' 1^1 




44 


77677 


90386 


87290 


12710 


09614 


23393 


IB^^H 






77694 


90377 


87317 


12683 


09623 


22306 


i^l^H 




46 


77711 


90368 


37343 


JS657 


09639 


22389 


mI^H 




47 


77728 


90358 


87369 


13631 


09642 




13|^H 




48 


77744 


90349 


87396 


12604 


09651 


92256 


ixl^H 




49 


77761 


90339 


87422 


12578 


09661 


29839 


II 


VM 


50 


8.77778 


9.90330 


9.87448 


10.12552 


10.09670 


10.33389 




UH 




51 


77795 


90320 


87475 


12525 


09680 


29205 






sa 


T78I2 


90311 


87501 


12499 


09BB9 


29188 






S3 


77829 


90301 


87327 


12473 


09699 


29171 






54 


T7B46 


90992 


87554 


11446 


09708 


29154 






S5 


77869 


90282 


87580 


12420 


09716 


2213S 






58 


77B79 


80373 


87606 


12394 


09727 


99191 






£1 


77896 


90S63 


87633 


12367 


09737 


92104 






58 


77913 


902.54 


87659 


13341 


09746 


99007 






59 


77930 


9M44 


87685 


12315 


09756 








SO 


77946 


90935 


87711 


1SS89 


09765 


22054 


~^-p^l 
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M. 


SiM. 


CO*.!^. 


Tangmit. 


Co^Mg. 


Secant. 


Co<«ecant 







9.77946 


8.9Q»6 


9.87711 


10.13388 


10«88786 


10.33064 


80 


1 


77963 


80835 


87738 


13383 


€8775 


38007 


68 


f 


77980 


80316 


8n64 


13336 


€9784 


IMOtlO 


68 


3 


77997 


80S06 


89790 


13310 


€8794 


33003 


67 


4 


78013 


80197 


87817 


13183 


€9803 


31987 


66 


5 


78090 


•0187 


87843 


13167 


€9813 


31970 


55 


« 


78047 


80178 


87869 


13131 


09822 


31953 


64 


7 


78063 


80168 


87896 


13106 


09892 


31937 


53 


8 


78080 


80159 


87923 


13078 


09841 


31920 


52 


9 


78097 


80149 


87948 


13053 


09851 


31903 


51 


10 


9.78118 


9.90199 


9.87974 


10. 13036 


10.09861 


10.31887 


60 


11 


78130 


90130 


88000 


13000 


09870 


31870 


49 


12 


78147 


80130 


88027 


11973 


09880 


31853 


48 


13 


78163 


80111 


88063 


11947 


08889 


31837 


47 


14 


78180 


80101 


88079 


11931 


09899 


S18S0 


46 


16 


78197 


80091 


88106 


11896 


08909 


31803 


45 


16 


78313 


80063 


88131 


11869 


€9918 


31787 


44 


17 


78330 


80073 


88158 


11843 


09928 


31770 


43 


18 


78346 


80063 


88184 


11816 


€9937 


31754 


42 


19 


78363 


80053 


88210 


11790 


€9947 


31737 


41 


38 


9.78880 


8.90043 


8.88396 


10.11764 


10.00867 


10.31730 


40 


31 


78396 


90034 


88863 


11738 


09966 


31704 


39 


33 


78313 


80034 


88389 


11711 


€9976 


31687 


88 


S3 


78929 


80014 


88316 


11686 


€9986 


31671 


37 


34 


' 78346 


80006 


88341 


11669 


€9996 


31654 


96 


35 


78363 


89996 


88367 


11633 


10006 


31638 


36 


36 


78379 


88986 


88393 


11607 


10016 


31631 


94 


37 


78395 


89976 


86420 


11580 


10024 


31605 


S3 


38 


78413 


89966 


88446 


11664 


10084 


31688 


33 


39 


78428 


89956 


88472 


11538 


10044 


31573 


31 


30 


9.78446 


9.89947 


8.88498 


10.11603 


10.10063 


10.31665 


30 


31 


78461 


89937 


88524 


11476 


10063 


31639 


39 


83 


78478 


89937 


88550 


11450 


10073 


31633 


38 


33 


78494 


89918 


88577 


11433 


10083 


31506 


37 


34 


78510 


89908 


88603 


11397 


10093 


31490 


36 


35 


78537 


89898 


88629 


11371 


10103 


31473 


36 


36 


78543 


89888 


88656 


11346 


10113 


31467 


34 


37 


78560 


89879 


88681 


11319 


10131 


31440 


39 


38 


78576 


88869 


88707 


11393 


10131 


31434 


33 


39 


78593 


88859 


88733 


11367 


10141 


31408 


31 


40 


9.78609 


9.80848 


9.88750 


10.11341 


10.10161 


10.31391 


38 


41 


78635 


89840 


88786 


11314 


10160 


31376 


18 


43 


78643 


89830 


88813 


11188 


10170 


31968 


18 


43 


78658 


89820 


vvO£fo 


11163 


10180 


31943 


17 


44 


78674 


89810 


88864 


11136 


10190 


319M 


18 


45 


78691 


89801 


88890 


11110 


10199 


31909 


16 


46 


78707 


88791 


88916 


11084 


10309 


31293 


14 


47 


78723 


89781 


88943 


11058 


10319 


31377 


13 


48 


78739 


89771 


88968 


11033 


10339 


81361 


13 


49 


78756 


89761 


88994 


11006 


10339 


31344 


11 
10 


50 


9.78772 


9.89753 


9.89030 


10.10980 


10.10848 


10.31338 


51 


78788 


89743 


89046 


10954 


10358 


31313 


9 


52 


78805 


89733 


89073 


10937 


10368 


31195 


8 


53 


78821 


89722 


89099 


10901 


10278 


31179 


7 


54 


78837 


89712 


89136 


10875 


10288 


31163 


8 


55 


78853 


89702 


89151 


10849 


10298 


31147 


6 


56 


78869 


89693 


89177 


10823 


10307 


31131 


4 


57 


78886 


896B3 


89203 


10797 


10317 


31114 


3 


58 


78902 


89673 


89229 


10771 


109{7 


31098 


3 


59 


78918 


89663 


89255 


10745 


10337 


31083 


1 


60 


78934 


89653 


89281 


10719 


10347 


31066 
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Arti6cial Sinea, Tang, and Sec. 38 DcgreeB. 






^ 


Sme. 


Co-SIDC. 


langeDt. 


Co-laog. [ Secant. 


Co.iecant 











9.89653 


9.892H1 


10.10719 


10.10347 


10.21066 


GO 






78950 


89643 


89307 


10693 


10357 


21050 


59 






9 


78967 


89633 


89333 


10667 


10367 


21033 


SB 






3 


789B3 


89624 


89359 


10641 


10376 


S1017 


57 






4 


78999 


89614 


89385 


10615 


10386 


SlOOl 


56 






5 


79015 


89604 


80411 


10589 


10396 


30985 


55 









79031 


8B534 


89437 


10563 


10406 


S0969 


54 






7 


79017 


89584 


89463 


10537 


10416 


S0953 


53 






S 


79063 


89574 


89489 


10511 


10426 


B0937 


52 






9 


70079 


89564 


89515 


10485 


10436 


20921 


51 




10 


9.79095 


9.89554 


9.89541 


10.10.159 


10.10446 


10.90905 


"50 






7911! 


89544 


89567 


10433 


10456 


20889 


49 






13 


79128 


89534 


89593 


10407 


10466 


30872 


48 






13 


79144 


89324 


89619 


10381 


10476 


20856 


47 








7B1G0 


89514 


89645 


10355 


10486 


S0840 


46 






15 


79176 


89504 


89e71 


10329 


10496 


20824 


45 






16 


79192 


89495 


89697 


10303 


10505 


20808 


44 






17 


79208 


89485 


89723 


10277 


10515 


20792 


43 






18 


79224 


89475 


89749 


10251 


10SS5 


20776 


42 






19 


79240 


89465 


89775 


10225 


10535 


snso 


41 




a) 


9.79256 


9.89455 


9.89801 


10.10199 


10.10545 


10.20744 


40 




21 


79272 


89445 


89827 


10173 


10555 


20728 


39 






28 


79288 


89435 


B98S3 


10147 


10565 


20712 


38 






23 


79304 


89425 


89879 


10121 


10575 


20696 


37 






S4 


79319 


89415 


B990S 


10095 


10585 


20681 


36 






S5 


7B335 


89405 


89931 


10069 


10595 


2066S 


3S 






m 


793S1 


89395 


89957 


10043 


10605 


20649 


34 






37 
28 


79367 


89385 


89983 


10017 


10615 


S0633 


33 






79383 


89375 


90009 


09991 


10626 


20617 


39 






19 


79399 


89364 


90035 


09965 


10636 


20601 


31 




30 


9.79415 


9.89354 


9.BD061 


10.09939 


10.10646 


10.20565 


30 




31 


79431 


89344 


90086 


09914 


10656 


90569 


29 






31 


79447 


89534 


90112 


09888 


10966 


20553 


98 






33 


79463 


89324 


90138 


09862 


10676 


20537 


27 






34 


79478 


G9314 


90164 


09836 


10686 


2052S 


96 






35 


79494 


89304 


90190 


09810 


10896 


20S06 


25 






36 


79510 


89294 


90216 


09784 


10706 


S0490 


94 






37 


79526 


89284 


90342 


09758 


10716 


20474 


23 






38 


79542 


89274 


90268 


09732 


10726 


9045B 


22 






39 


79558 


89264 


90294 


09706 


10736 


20442 


21 




40 


9.79S73 


9.89254 


9.90320 


10.09680 


10.10746 


10.20427 


20 




4! 


79589 


89244 


90346 


09654 


10756 


20411 


19 






41 


79605 


69233 


90371 


09629 


10767 


90395 


18 






43 


79621 


B92S3 


90397 


09603 


10777 


20379 


17 






44 


79636 


89213 


90423 


09577 


10787 


S0364 


16 






45 


79652 


89203 


90449 


08551 


10797 


ems 


15 






48 


79608 


89193 


9047S 


O0525 


10807 


90332 


14 






47 


79684 


89183 


90301 


09499 


10817 


20316 


13 






48 


79899 


89173 


90527 


09473 


10827 


90301 


H 






49 


79715 


89162 


90553 


09447 


10833 


20285 


11 




SO 


9.79731 


9.89152 


9.9057B 


10.09422 


10.10848 


10.20269 


10 




SI 


79746 


89142 


90604 


09396 


10BS8 


20254 


9 






52 




89132 


90630 


09370 


10868 


20238 


8 






S3 


79778 


B9I22 


906,56 


09344 


I0B7S 




7 






54 




89112 


90682 


09318 


10888 


90207 


fi 






55 


79809 


89101 


90708 


09292 


10899 


20191 


5 






B6 


79B25 


89091 


90734 


09266 


10909 


90175 


4 






S7 


79840 


89081 


P0759 


09941 


10919 


90160 


3 






58 


79856 


89071 


9078S 


09215 


10929 


20144 


8 






59 


7987S 


89000 


90811 


09189 


10940 


90128 








fiO 


7BB87 


890,>0 


90B37 


09163 


10950 


90113 
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M. 


Sine. 


Co-dne. 


Tangent. 


Co-tanf. 


Secant. 
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60 





9.79887 


9.89060 


9.90837 


10.09163 


10.10050 


10.20113 


1 


79908 


89040 


90863 


09137 


10960 


20097 


69 


2 


- 79918 


89030 


90889 


09111 


10970 


20082 


58 


3 


79934 


89020 


90914 


09086 


10980 


20066 


57 


4 


79950 


89009 


90940 


09060 


10991 


20050 


56 


5 


79965 


88999 


90966 


09034 


11001 


20035 


55 


6 


79981 


88989 


90992 


09008 


11011 


20019 


54 


7 


79996 


88978 


91018 


08982 


11022 


20004 


53 


8 


80012 


88968 


91043 


08957 


11032 


19988 


52 


9 
10 


80027 


88958 


91069 


08931 


11042 


19973 


51 
50 


9.80043 


9.88948 


9.91095 


10.08905 


10.11052 


10.19957 


11 


80058 


88937 


91121 


08879 


11063 


19942 


49 


12 


80074 


88927 


91147 


08853 


11073 


19926 


48 


13 


80089 


88917 


91172 


08828 


11083 


19911 


47 


14 


80105 


88906 


91198 


08802 


11094 


19895 


46 


15 


80120 


88896 


91224 


08776 


11104 


19880 


45 


16 


80136 


88886 


91250 


08750 


11114 


19864 


44 


17 


80151 


88875 


91276 


08724 


11125 


19849 


43 


18 


80166 


88865 


91301 


08699 


11135 


19834 


42 


19 


80182 


88855 


91327 


08673 


11145 


19818 


41 
40 


20 


9.80197 


9.88844 


9.91353 


10.08647 


10.11156 


10.19803 


21 


80213 


88834 


91379 


08621 


11166 


19787 


39 


22 


80228 


88824 


91404 


08596 


11176 


19772 


38 


23 


80244 


88813 


91430 


08570 


11187 


19756 


37 


24 


80259 


88803 


91456 


08544 


11197 


19741 


36 


25 


80274 


88793 


91482 


08518 


11207 


19726 


35 


26 


80290 


88782 


91607 


08493 


11218 


19710 


34 


27 


80305 


88772 


91533 


08467 


11228 


19695 


33 


28 


80320 


88761 


91559 


08441 


11239 


19680 


32 


29 


80336 


88751 


91585 


08415 


11249 


19664 


31 
30 


30 


9.80351 


9.88741 


9.91610 


10.08390 


10.11259 


10.19649 


31 


80366 


88730 


91636 


08364 


11270 


19634 


29 


as 


80382 


88720 


91662 


08338 


11280 


19618 


28 


33 


80397 


88709 


91688 


08312 


11291 


19603 


27 


34 


80412 


88699 


91713 


08287 


11301 


19588 


26 


36 


80428 


88688 


91739 


06261 


11312 


19572 


25 


36 


80443 


88678 


91765 


08235 


11322 


19557 


24 


37 


80458 


88668 


91791 


08209 


11332 


19542 


23 


38 


80473 


88657 


91816 


08184 


11343 


19527 


22 


39 


80489 


88647 


91842 


06158 


11353 


19511 


21 
20 


40 


,9.80504 


9.88636 


9.91868 


10.08132 


10.11364 


10.19496 


41 


80519 


88626 


91893 


06107 


11374 


19481 


19 


42 


80534 


88615 


91919 


08081 


11385 


19466 


18 


43 


8(^50 


88605 


91945 


08056 


11396 


19450 


17 


44 


80565 


88594 


91971 


08029 


11406 


19435 


16 


45 


80580 


88584 


91996 


08004 


11416 


19420 


15 


46 


8(^95 


88573 


82022 


07978 


11427 


19405 


14 


47 


80610 


88563 


92048 


07952 


11437 


19390 


13 


48 


80625 


88552 


92073 


07927 


11448 


19375 


12 


49 
50 


80641 


88542 


92099 


07901 


11458 

• 


19359 


11 
10 


9.80656 


9.88531 


9.92125 


10.07875 


10.11469 


10.19344 


51 


80671 


88521 


92150 


07850 


11479 


19329 


9 


52 


80686 


88510 


92176 


07824 


11490 


19314 


8 


53 


80701 


88499 


92202 


07798 


11501 


19299 


7 


54 


80716 


88489 


92227 


07773 


11511 


19284 


6 


55 


80731 


88478 


92253 


07747 


11522 


19269 


5 


56 


80746 


88468 


92279 


07721 


11532 


19254 


4 


57 


80762 


88457 


92304 


07696 


11543 


19238 


3 


58 


80777 


88447 


92330 


07670 


11553 


19223 


2 


59 


80792 


88436 


92356 


07644 


11564 


19208 


1 


60 


80807 


88425 


92381 


07619 


11575 


19193 
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W 


8ui«. 


Co-diM. 


Taoi^t. 


£»-tang. 


Secant. 


Co-Mcant 


60 





9.80607 


9.884S5 


9.92381 


10.07619 


10.11675 


10.19193 


1 


808SS 


88415 


8S407 


07693 


11585 


19178 


59 


s 


80837 


88404 


92433 


07567 


11596 


19163 


68 


3 


8085S 


88394 


8S458 


07542 


11606 


19148 


67 


4 


80867 


88383 


9S484 


07516 


11617 


19133 


56 


5 


8088S 


8837S 


8S510 


07490 


11628 


19118 


55 


« 


80897 


8836S 


ftS535 


07465 


11638 


19103 


54 


7 


8091S 


88351 


9S561 


07439 


11649 


19088 


53 


8 


809S7 


88340 


8S587 


07413 


11660 


19073 


62 


9 


8094S 


88330 


92612 


07388 


11670 


19058 


51 


K) 


9.80957 


9.88319 


9.9S638 


10.07362 


10.11681 


10.19043 


60 


11 


8097S 


88308 


9S663 


07337- 


11692 


19028 


49 


IS 


80987 


88298 


8S689 


07311 


1170S 


19013 


48 


13 


8100S 


88287 


9S715 


07285 


11713 


18998 


47 


14 


81017 


88276 


9S740 


07S60 


117S4 


18983 


46 


16 


8109S 


88266 


9S766 


07S34 


11734 


18968 


45 


16 


81047 


88255 


9S79S 


07S08 


11745 


18953 


44 


17 


81061 


88244 


9S817. 


07183 


11756 


18939 


43 


18 


81076 


88234 


9S843 


07167 


11766 


18924 


4S 


19 


81091 


88223 


9S868 


0713S 


11777 


. 18909 


41 


iO 


9.81106 


9.88S1S 


9.9S894 


10.07106 


10.11788 


10.18894 


40 


SI 


811S1 


88201 


9S920 


07080 


11799 


18879 


39 


SS 


81136 


88191 


92945 


07055 


11809 


18864 


38 


S3 


81161 


88180 


92971 


070S9 


11820 


18849 


37 


S4 


81166 


88169 


92996 


07004 


11831 


18834 


36 


S6 


81180 


88158 


93022 


06978 


1184S 


18820 


36 


S6 


81195 


88148 


93048 


06952 


1185S 


18805 


34 


«7 


81S10 


88137 


93073 


06927 


11863 


18790 


33 


S8 


81SS6 


88126 


93099 


06901 


11874 


18775 


3S 


S9 


81S40 


88115 


98124 


06876 


11885 


18760 


31 


30 


9.81S54 


9.88105 


9.93150 


10.06850 


10.11895 


10.18746 


30 


31 


81S69 


88094 


93175 


06825 


11906 


18731 


S9 


as 


81S84 


88083 


99201 


06799 


11917 


18716 


S8 


33 


81S99 


88072 


93227 


06773 


11928 


18701 


S7 


34 


81314 


88061 


93252 


06748 


11939 


18686 


S6 


35 


81328 


88051 


93278 


06722 


11949 


18672 


S5 


36 


81343 


88040 


93303 


06697 


11960 


18657 


S4 


37 


81358 


88029 


93329 


06671 


11971 


18642 


S3 


38 


81372 


88018 


93354 


06646 


11982 


18628 


SS 


39 


81387 


88007 


93380 


06620 


11993 


18613 


SI 


40 


9.81402 


9.87996 


9.93406 


10.06594 


10.12004 


10.18599 


so 


41 


81417 


87985 


93431 


06569 


12015 


18583 


19 


4S 


81431 


87975 


93457 


06543 


12025 


18569 


18 


43 


81446 


87964 


98482 


06518 


12086 


18554 


17 


44 


81461 


87953 


83508 


06492 


12047 


18539 


16 


45 


81475 


87942 


98533 


06467 


12058 


18525 


16 


46 


81490 


87931 


93559 


06441 


12069 


18510 


14 


47 


81505 


87920 


93584 


06416 


12080 


18495 


13 


48 


81519 


87909 


93610 


06390 


12091 


18481 


IS 


49 


81534 


87898 


93636 


06364 


12102 


18466 


11 


50 


9.81549 


9.87887 


9.93661 


10.06339 


10.12113 


10.18451 


10 


51 


81563 


87877 


98687 


06313 


12123 


18437 


9 


52 


81578 


87866 


93712 


06288 


12134 


18422 


8 


53 


81592 


87855 


93738 


06262 


12145 


18408 


7 


54 


81607 


87844 


93763 


06237 


12156 


18393 


6 


55 


81622 


87833 


93789 


06211 


12167 


^ 18378 


5 


66 


81636 


87822 


93814 


06186 


12178 


18364 


4 


57 


81651 


87811 


93840 


06160 


12189 


18349 


3 


58 


81665 


87800 


93865 


06135 


12200 


18335 


S 


59 


81680 


87789 


93891 


06109 


12211 


18320 


1 


60 


81694 


87778 


93916 


06084 


Co-Mcant 


18306 
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mT 
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9.81694 


9.87778 


9.93916 


10.06084 


10,13933 


10.18306 


"60" 






1 


81709 


87767 


93943 


06058 


12933 


18991 


59 






9 


817Z3 


87756 


93967 


06033 


13344 


18277 


68 






3 


81738 


87745 


93993 


06007 


12255 




67 






4 


8175S 


87734 


94018 


05983 


12366 


18248 


56 






5 


81787 


87723 


04O44 


05956 


13377 


18933 


55 






6 


81781 


87713 


94069 


05931 


1S368 


18319 


54 






7 


81796 


87701 


94095 


05905 


12399 


18904 


S3 






8 


81810 


87690 


94130 


05880 


12310 


18190 


53 






S 


811125 


87679 


94146 


05854 


19331 


18175 


51 






IT 


8.81839 


9.87668 


9.94171 


10.05829 


10.13333 


10.18161 


50 






81854 


87657 


94197 


05803 


13343 


18146 


49 






IS 


81868 


87646 


94299 


05778 


1S354 


18132 


43 






13 


8IS83 


87635 


94348 


05753 


12365 


18118 


47 






14 


81897 


87624 


94273 


05727 


12376 


1B103 


46 






15 


81911 


87613 


94399 


05701 


12387 


18089 


46 






16 


819M 


87601 


94334 


05676 


13399 


18074 


44 






17 


81940 


87590 


94350 


05650 


12410 


18060 


43 






18 


81955 


8T579 


94375 


05635 


12421 


18045 


42 






19 


81969 


87568 


94401 


05599 


19433 


18031 


41 




40 


9.81983 


9.87557 


9.94436 


10.05574 


10.13443 


10.18017 


40 




SI 


8199S 


87546 


94459 


05548 


19454 


180O2 


39 






K 


8E019 


87535 


64477 


05593 


13465 


17988 


38 






S3 


aaoae 


87594 


94503 


0S497 


12476 


17974 


37 






S4 


85041 


87513 


94528 


05479 


13487 


17959 


36 






SS 


83055 


87501 


94554 


05446 


19499 


17945 


35 






96 


89069 


87490 


94579 


05431 


I9SI0 


17931 


34 






V 


sam 


B7479 


94804 


05396 


13521 


17916 


33 






S8 


82098 


S7468 


94630 


05370 


12532 


17902 


39 






89 


83113 


87457 


94656 


05345 


13543 


17888 


31 
30 






30 


9.83188 


9.87446 


9.94681 


10.05319 


10.12554 


10.17874 




31 


83141 


87434 


94706 


06994 


13566 


17859 


29 






33 


891S5 


87433 


94733 


05268 


12577 


17845 


98 






33 


83169 


87413 


94757 


05943 


12588 


17831 


27 






34 


82184 


87401 


94783 


05317 


12599 


17816 


26 






35 


83198 


87390 


94808 


05192 


19610 


17802 


SS 






36 


83213 


87378 


94)134 


05166 


13639 


17788 


24 






37 


83336 


87367 


94858 


05141 


13633 


17774 


93 






38 


82240 


87356 


94884 


05116 


12644 


17760 


93 






59 


822SS 


87345 


94910 


05090 


13655 


17745 


91 






40 


9 .89969 


9.87334 


9.94935 


10.05065 


10.19666 


18.17731 


20 






41 




87329 


04961 


05039 


19878 


17717 








4S 


82*97 


87311 


04986 


05014 


13689 


17703 








43 


83311 


87300 


05012 


04988 


1S700 


17S89 








44 


82336 


S7E83 


K037 


04963 


19712 


17674 








45 


83340 


87377 


05063 


04938 


IS793 


17660 








46 


82354 


87266 


M088 


04919 


12734 


17646 








47 


8236a 


87355 


9S113 


04887 


19745 


1763S 








48 


83383 


87243 


06139 


04861 


1*757 


17618 








4B 


89396 


87332 


05164 


04836 


13768 


17604 






50 


9.89410 


0.87991 


0.06190 


10.04810 


10.13779 


10.17590 






51 


83434 


87309 


06315 


04785 


12791 


17576 








5S 


89439 


87198 




04760 


12003 


17561 








S3 


83453 


87187 


05366 


04734 


19813 


17547 








54 


83467 


87175 


05991 


04709 


19835 


17533 








55 


83181 


87164 


95317 


04683 


19838 


17519 




\ 




56 


93495 


87153 


9634! 


04658 


19847 


I750S 








57 


82509 


87141 


96368 


04633 


13859 


I749I 








58 


82523 


87130 


05393 


04607 


U870 


17477 








59 


82537 


87119 


95418 


04582 


19881 


17463 








eo 


82551 


B7I07 


95444 


04556 


19893 


17449 
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4.84177 


9.85603 


9.98484 


U.0UI6 


W.14307 


10.16013 


W 


1 


84190 


86681 


98609 


01491 


14319 


16810 


U 


s 


84303 


85669 


98534 


01400 


14331 


16797 


« 


3 


64918 


85857 


98560 


01440 


14343 


16784 


5^ 


4 


84139 


86645 




01416 


14355 


15771 


u 


6 


B434S 


B5S39 


98610 


01390 


14368 


15768 


u 


S 


-843SS 


86610 


88635 


* 01365 


14380 


15745 


Bi 


7 


84X69 


85608 


98061 


01339 


14391 


16731 


6! 


8 


841S3 


B559S 


98686 


01314 


14404 


15718 


59 


B 


84296 


86583 


9B711 


01989 


14417 


16705 


51 


W" 


9.B4308 


9. 8557 1 


B.9fft37 


10.01183 


10.14439 


10.16699 


K 


11 


843S1 




98762 


01938 


14441 


16679 


4( 


11 


84334 


86547 


UTS7 


01913 


14453 


16666 


4i 


13 


84347 


86534 


98819 


01188 


14466 


15653 


41 


14 


84360 


85539 


98838 


01189 


14478 


15640 


4< 


Id 


84373 


86510 


98863 


oim 


14490 


15617 


41 


16 


8438S 


86497 


98888 


oms 


14603 


15615 


41 


17 


84398 


86486 


08913 


01087 


14615 


16609 


4: 


18 


84411 


86473 


98939 


01061 


14617 


15589 


4i 


19 


84414 


85400 


98964 
-8798989 


01036 
10.01011 


14640 


15576 
10.15563 


41 


"» 


9.84437 


9.85448 


». 14651 


« 


81 


84450 


85436 


99016 


00935 


14564 


15550 


31 


XZ 


84463 


85413 


99040 


00960 


145T7 


15637 


Si 


a 


84478 


86411 


99066, 


00035 


14589 


16694 


31 


94 


84489 


86399 


99090 


00910 


14601 


15511 


3) 


ss 


8450« 


85386 


99116 


00884 


14614 


16498 


3! 


w 


84515 


85*74 


99141 


00859' 


14S1S 


16485 


S> 


fr 


845IS 


85361 


99166 


00834 


14639 


16479 


X 


se 


84540 


85349 


B919I 


00809 


- 14851 


16460 


39 


S9 


846S3 


85337 


99117 


00783 


14663 


15447 


_S] 


30 


S.S4666 


9.853S4 


9.9BS41 


10.00766 


10.14678 


10.16434 




31 


84579 


85319 


99967 




14688 


16411 




31 


84599 


85199 


99993 


00707 


14701 


15408 




33 


84605 


85M7 


99318 


0068X 


14713 


15395 




S* 


84618 


BS374 


99343 


00657 


14'n0 


15389 




35 


84630 


85969 




00631 


14738 


15370 




as 


84643 


86160 


09394 


00W6 


U750 


15357 




37 


84666 


86937 


09419 


00581 


14763 






38 


84669 


869SS 


99444 


00656 


14TT6 


15331 




39 


84689 


86913 


99469 


00531 


14788 


16318 




40" 


«.S4«H 


9.85100 


9.99496 


10.00505 


10.14800 


tO.15306 




41 


84707 


85187 


99590 


004BO 


14813 


16393 




«l 


84710 


85175 


80546 


00466 


148X5 


15980 




43 


84753 


85169 


96670 


00430 


14838 


15967 




44 


8474S 


85150 


99596 


00404 


14860 


15256 




46 


8*758 


85137 


99691 


00379 


14863 


15949 




40 


8477] 


85195 


99646 


00054 


I48T6 


16239 




47 


84784 


85119 


90679 


00398 


14888 


16916 




48 


84798 


85100 


90697 


00303 


: 14900 


15104 




49 


84809 


85087 


9ffm 


oons 


• 14913 


15IS1 




60" 


S.848X1 


"8.85074 


9.90747 


10.0DZS3 


10.14916 


10.15178 


Ti 


61 


84835 


86069 


99773 


00997 


14938 


16165 




62 


8484T 


86049 


99798 


OO909 


14951 


15163 




63 


84860 


86037 


99893 


00177 


14963 


16140 




64 


84873 


86014 


99848 


00161 


»976 


16197 




65 


84886 


B60I9 


99874 


00198 


14988 


16115 




66 


84898 


S4S99 


99899 


00101 


16001 


16109 




a 


849II 


84986 


999X4 


O0O76 


16014 


16089 




a 


84993 


84974 


99949 


00061 


16016 


16077 




M 


84936 


S«96t 


■ 90975 


00095 


16(09 


16064 




00. 


WM 


B4949 


10.00000 


10.00000 


16061 


16051 
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Sine. 


Co-sine. 


/fangent 


Co-tang. 


Secant. 


Co-fecant 


60 









9.83378 


9.86413 


0*86966 


10.03034 


10.13587 


10.16622 






1 


83392 


QjS40l 


96991 


*03009 


13599 


• 16608 


59 






t 


83405 


86389. 


' 97016 


02984 


13611 


16595 


68 






3 


83419 


86377 


97042 


02958 


13623 


16581 


57 






4 


83432 


86366 


97067 


02933 


13634 


16568 


56 






5 


83446 


86354 


97092 
97118 


02908 


13646 


16554 


55 






6 


83459 


86342 


02882 


13658 


16541 


54 






7 


83473 


86330 


97143 


02857 


13670 


16527 


53 






8 


83486 


86318 


97168 


02832 


13682 


16514 


52 






9 


83500 


86306 


97193 


02807 


13694 


16500 


51 
50 






10 


9.83513 


9.86295 


9.97219 


10.02781 


10.13705 


10.16487 






11 


8352T 


86283 


97244 
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